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Thla  study  wai  conducted  to  determine  the  biological  activity  and  chemical 
characterlatlca  of  dredge  notarial  from  ten  altes  on  the  Upper  Miaalsaippl 
River  between  St.  Paul  and  Winona,  Minnesota 

sedlnent  samples  from  the  ten  sites  mere  character  lied  as  being  of  two 
types  predominately  sand  and  fine  sand  with  substantial  amounts  of  allt,  clai 
and  colloidal  materials.  Toxic  activity  observed  In  particulate  phase 
exousurea  was  related  to  the  tvoe  of  aedUsent  material,  samples  which 


▼y  'umiKira 


UK 


li£±L 

*»»CAT 


M  T  «-l  a»  Iml  >  cashes  ■  Xfc* 


prtdoKluntly  sand  weir  essentially  nontoalc,  aa^^es  which  contained 
substantial  amounts  of  sill,  c!,v  *nd  colloidal  material  often  produced  a 
toxic  effect  (mortal  ii*  '/ . 


The  only  sediment  samples  which  were  classified  as  heavily  polluted  were  those 
from  the  Red  Wing  OMaerclal  Harbor  and  the  St,  Paul  barge  Terminal.  These 
two  samples  consisted  of  large  proportions  of  silt  and  clay  and  reflected  a 
strong  Inverse  correlation  noted  between  particle  size  and  concentration  of  the 
contaminants  amount  the  ten  sample  sites 
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ASST 

The  U.S.  Envi ronment 4)  Protection  Agency  SPA)  end  he  u.S.  Ar»y 
Corps  of  Engineers  (COE)  ere  responsible  for  developing  guidelines  to 
replete  the  dispose!  of  dredged  wter  el.  Many  guvei  imen*  el  end  pr  vale 
merest  groups  in  the  Missusip;  t  »er  uasin  ere  concerned  about 
potent ie'  hazards  essocieted  with  the  possible  release  of  contaminant 
substances  during  dredging  activities  end  the  deleterious  effects  the' 
resuspended  materials  nay  have  on  aquatic  or ^ an  sms  This  study  was 
conducted  to  determ.ne  fhe  biologi ,al  activity  and  chemical  character¬ 
istics  of  dredge  material  froM  10  sites  on  the  Upper  Mississippi  River 
between  St.  i'au1  and  w  nona,  M  nnesota.  Funds  for  the  t  ,dy  were 
provided  by  the  St.  Paul  Oistrlct  of  the  Of. 

To*ic  effect*  were  assessed  In  static  b  oassays  by  exposing  aquatir 
organism  to  (l)  sediments  under  stable  water  conditions,  and  (2) 
suspended  particulate  Materials  that  w-rc  «a  -stained  in  suspension  by 
aeration.  irga-iisms  tested  involved  scuos  .UKiwarus  gseudol  anaeus) . 
crayfish  (Procaet)arus  sp.),  mayfly  nymphs  He»igenia  sp.).  Midge  larvae 
(ChironoMus  tentans) .  snails  (Physa  jyrjjia).  fawnfoot  Mussels  (Trunc ilia 
donaciformis).  fingernail  clam  (Sphaerlwa  sp.).  fathead  Minnows 
(PiMephales  prpmelas),  and  cha  .el  catf  sh  ,ctalurus  punctatus). 

Chemical  character! st ics  wt-  determined  by  standard  analytical 
procedures  for  three  types  of  sample  preparations  (1)  sediment  per  se. 
(2)  suspended  particulate  materials,  and  (3)  a  filtered  eluuiate. 
Analyses  were  run  to  determine  volatile  solids.  pH.  COO,  POO,  total 
phosphate,  ortho  phosphate,  a-vionia  nitrogen,  nitrite  and  nitrate 
nitrogen,  oil  and  grease,  chromium,  copoer,  lead,  zinc,  nickel,  mercury, 
cadmium.  PCI  s ,  000,  DOE,  DOT,  endrtn,  dieldrin,  and  chlordane. 
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Sediment  samples  from  the  iO  sites  were  character  zed  <s  being  of  two 
types  (1)  predominant 1y  sand,  and  ?)  fine  sand  with  jbstant  a'  a*Ow  ’  s 
of  silt,  clay,  and  colloidal  materials.  Tone  activity  observed  in 
parties  ate  phase  exposures  was  related  to  the  type  of  ied  ment  mater  al. 
Samples  which  contained  predominant ) y  sand  were  essentially  ncnto« 
samples  which  contained  substantial  amounts  of  silt,  day,  and  co’lcidal 
material  often  produced  a  tone  effect  mortality). 

Samples  from  the  Red  Wing  toenerclal  Martxjr  and  St.  Raul  Barge 
Terminal  were  the  only  ones  that  produced  mortality  among  aqua’ 1c 
organisms.  As  a  rule,  particulate  phase  exposures  were  more  tone  than 
solid  phase  exposures.  Samples  from  the  eight  remaining  sites  were 
essentially  nontone  in  both  types  of  exposures. 

Concentrations  of  the  various  chemicals  were  gene  ally  highest  for 
jtal  sediment  samples,  values  for  suspended  particulates  were  generally 
higher  thar  those  for  millipore  f  tered  elutriates.  Mos’  cor’ aminants 
we~e  not  extraitab  e  in  water.  This  was  ind  a’ed  by  the  low  contaminant 
concentrations  found  in  elutriate  samples.  There  is  little  likelihood 
that  many  of  the  observed  concentrations  of  contaminants,  by  themse  vet, 
would  be  acutely  toxic  to  aquatic  organisms  Amman  a  n’trogen,  cadmium, 
and  zinc  In  the  more  heavily  contaminated  samples  approached  lethai 
concentrat Ions  moreso  than  other  contaminants ,  but  those  concentrat  ons 
were  still  sublethal. 

The  only  sediment  samples  which  were  classified  as  heavily  pol  uted . 
based  on  analyses  for  the  various  contamlna  its,  were  those  from  the  Red 
Wing  Commercial  Harbor  and  the  St.  Raul  Barge  Terminal.  These  two  samples 
consisted  of  large  proportions  of  silt  and  clay  and  -eflected  a  strong 
Inverse  correlation  notec  between  particle  size  and  cor  entra”  <  of  the 
contaminants  among  the  10  sample  sites. 
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tKTROOUCTIOfc 

’he  U.S.  Envi ronmental  brotectlor  Agency  1*1  and  th e  U.'  Arm y 
lorps  Of  Eng  wri  I  COf )  are  responsible  for  develop'ng  9 u>df  w  tv 
regelate  the  d<s.Kni  of  dredged  mater’ai.  Many  feder*  ,  sta’e  a 
p mi'!  Interests  'n  the  *  j-slssipp'  b  ver  by  I"  are  concerned  at  -f 
potential  hazards  tnat  might  be  associated  w  ’r  the  pots  tie 
resus,ers1oo  of  contaminant  substances  d-rin.  dredg  ng  processes,  an: 
that  resuspended  mater  els  Ny  have  tie  eter  -us  e#*?  t  s  or  4i.ua’  c 
organisms.  ’ms  ..tudy  was  undertaken  to  assess  t  he  be  09  ct' 
activity  and  chemical  characteri  st  les  of  dredge  mirth  and  th*  r 
potential  acute  effects  on  the  river  biota. 

In  a  study  supported  by  EbA  funds.  Prater  and  Anderson  i9?7i 
conducted  bicassays  on  eight  sedvmen’s  collected  from  Duluth,  Minnesota, 
and  Superior,  w  sconsln.  harbors  or  akr  upenor  tes  we  •  hose 
their  study  to  reflect  are«s  suspected  to  be  heavily,  moderately,  r 
nonpol luted.  They  reported  that  none  of  the  sed  nent  samples  produced 
1001  morta'lty  among  the  groups  of  organ  sms  exposed,  and  f  v»  f  th« 
sediments  produced  less  thar  a  1'"'!  morta  Hy  among  he*aj^ei_»a  efcata 
mayfly),  Daphnla  magna  (water  4  ea).  pJm*j>fiiLle.  as  ‘a’leai 

minnow  and  Asel  1  us  commit  1  s  scud  uephn ■  a  myt  «.  .w*r- c  •.  he 
most  sensitive  organism  and  Hexajjer  4,  jefca’a  was  ne*’  n  ser  .  r  «  t> 
Chem  cal  chara  ’eristics  we*e  reported  for  a  stdimen’  a  es  but  m 
authors  could  not  correlate  morta'  ty  of  test  srgatvsms  wl’h  any  of  thr 
Individual  chemical  components 

The  nate*~ways  Experlme  ^ t at  or  af  »  nbt  9  H  s  pi  ha. 

d  ne  considerable  won  or  dredg»  sa’er  al  In  j<3  ng  mr  hod<  es  * 
determining  impacts  of  dredged  materia  ,  dist»osa  y*  dredged  ne’er  a 


and  contaminant  releases  from  dredge  materials  (Shuba  et  al .  1977, 
jones  and  '.w  1978,  and  Reddlcord  et  al.  1979).  Al  though  methods 

for  sediment  studies  have  been  standardized  to  some  extent, 
Modification  and  updating  of  certain  procedures  continue  to  be  reported 
as  techniques  are  developed. 

Peddicord  et  al .  (1979}  studied  sed  ments  fro*  the  ipper  Mississippi 
R  ver  |  JMR ) ,  and  reported  low  toxicity  to  all  aquatic  species  they  tested 
except  aophipods.  fioaccumulatlon  of  »CI  i  and  Metals  in  tissues  of 
nvertebrates  exposed  to  sediments  occurred  In  only  11%  of  their  tests. 
Redd  ord  et  al.  (1979)  suggested  that  typical  dredging  and  disposal 
operations  on  the  Upper  Mississippi  River  have  little  potential  to  cause 
short -tent  ecological  effects  due  to  Increases  in  Mortality  or 
bioaccuMulatlon  of  contaMinants  In  the  species  studied. 

Methodology  for  the  study  reported  here  was  specified  by  the 
contractee  and  Modified  as  appropriate  to  s'mulate  and  evaluate  ‘worst 
case’  conditions.  For  Instance,  a  S~«1nute  settling  tlMe  for  suspended 
articulates  rather  than  a  1- hour  settling  tine  (Reddlcord  et  al.  19*9) 
was  adopted  to  evaluate  the  Impacts  of  spoil  deposition  near  the 
d’seharge  point  of  dredged  material. 

‘he  tbjectives  of  this  study  were  to  (1)  determine  the  biological 
act^v  ty  of  sediments,  whether  due  to  toxicity  of  contaminants  contained 
in  the  sediments  or  to  the  effects  of  physical  impact  of  particulate 
•atter  on  representative  organisms  common  to  the  Mississippi  River  and 
(2)  determine  the  chemical  characteristics  of  the  dredge  materials. 
9’ological  activity  (Rart  I  of  this  study)  was  evaluated  by  exposing 
aquatic  organisms  to  dredge  material  per  se  (solid  phase)  In  suitable 
dilution  water  and  to  solutions  containing  suspended  particulate  matter 


(suspended  particulate  phase).  J»e~*cal  ch*rutertiit‘3fl  (part  II) 
Involved  analysis  of  three  phases  of  dredge  mater1al--sol id  phase, 
suspended  particulate  phase,  and  a  filtered  elutriate  or  liquid  phase. 
Chemical  analyses  were  done  according  to  standardized  laboratory 
procedures  or  modifications  thereof  to  accomodate  the  peculiar  materials 
Invol ved. 

p/ur  i 

HETH00S  FOP  II0LO6ICM  TESTS 

The  experimental  design  of  this  laboratory  study  provided  for  an 
assessment  of  the  acute  effects  of  exposure  to  dredge  materials  on 
selected  organisms  in  a  situation  that  simulated  conditions  related  to 
a  dredging  operation.  Solid  phase  tests  consisted  of  sediment  held 
jndisturbed  under  dilution  water  to  approximate  conditions  prior  to  jr 
■wdlately  after  dredging  operations,  and  particulate  phase  tests 
consisted  of  exposing  organisms  to  highly  concentrated  suspended 
particulates  to  simulate  sorst  case*  conditions  during  h/draul  c 
dredging  operations. 

Sed  *  ment 

Sediment  samples  were  collected  by  personnel  of  the  St  Paul  Dlstrct 
*orps  of  Engineers  from  10  sites  on  the  Upper  Mississippi  River  Table 
1).  Sediment  was  collected  with  a  Ponar  dredge  and  transported  on  ce  n 
stainless  stee'  containers  to  the  national  Fishery  Research  Laboratory  at 
La  Crosse,  Wisconsin.  Two  sediment  samples  were  delivered  to  the 
laboratory  every  2  weexs  over  a  period  from  June  3  to  July  30,  19G0. 

Four  containers  of  sediment  were  collected  from  each  site.  Upon  receipt 
of  the  sediment  samples,  the  material  was  homogenized  in  a  Hobart  food 
mixer  equipped  with  stainless  steel  paddle  and  bowl.  Portions  of  the 
homogenate  were  then  taken  for  solid  phase  tests,  particulate  phase 
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tests,  and  chemical  anlayses,  the  nemalnlng  sed  merit  was  stored  in 
polyethylene  tanks  at  4*C. 

Test  Organism 

Aquatic  Invertebrates  were  collected  from  the  wild  or  cultured  at  the 
laboratory.  All  specimens  were  held  In  favorable  culture  conditions 
prior  to  e»posu»-es  to  the  sediment.  No  group  was  used  If  101  or  more 
died  during  a  quarantine  period  or  otherwise  appeared  unhealthy. 

Organisms  were  considerd  healthy  If  they  fed  and  thrived  under  culture 
conditions.  Scuds  (ii— mrus  pseudol Iwnseus)  and  snails  (Physa  jJtrlna) 
were  collected  with  a  sweep  net  from  a  feeder  spring  on  the  Mckapoo 
River  near  Avalanche,  Wisconsin.  Crayfish  (Procambarus  sp.)  were 
obtained  from  the  Genoa  National  Fish  Hatchery.  Mayflies  fHeiagenla 
sp.)  were  cultured  from  eggs  obtained  from  Pool  7  (Lake  Onalaska,  River 
Mile  703-701)  during  the  1179  summer  emergence.  Midge  (Chlro  mis 
tentans)  were  obtained  from  Or.  Joseph  Kewatskl,  Viterbo  College, 

La  Crosse,  Wisconsin.  Fawnfoot  Missels  (Truncllla  donactformis) 
were  collected,  with  long  handled  nets  by  wading  or  standing  In  a  boat, 
from  the  Upper  Mississippi  River  (River  Mile  122).  Fingernail  clams 
(Sphaerlum  sp.)  were  collected  using  sweep  net*  from  Pool  7  (Lake 
Onalaska,  River  Mile  703-701).  Fathead  minnows  (Pimephales  promelas)  and 
channel  catfish  (Ictalums  punctatus)  were  cultured  at  the  La  Crosse 
National  Fishery  Research  Laboratory.  Organism  were  exposed  in  vessels 
based  on  their  size  and  compatablllty  with  other  species.  Fathead 
minnows  and  channel  catfish  were  grouped  as  were  crayfish  and  fawn toot 
Missels.  Bof  «  groups  were  exposed  in  S-gallon  jars.  Midges,  mayflies, 
and  fingernail  *1am  were  exposed  as  a  group,  so  were  snails  and  scuds. 
These  animals  were  exposed  In  1-gallon  glass  jars. 


Test  Procedure* 


Acute  toxicity  tests  on  the  sediment  staples  were  perforated  in  two 
phases--a  solid  phase  and  suspended  particulate  phase.  Sediment  for 
solid  phase  exposures  was  placed  in  1-and  5- gal  Ion  glass  jars  and 
reconstituted  well  water  was  added  to  yield  a  ratio  of  A  of  water  per  1* 
of  sediment.  Care  was  taken  when  adding  the  water  to  avoid  disturbing  or 
partitioning  of  the  sediment.  Exposure  water  was  prepared  by 
reconstituting  deioniied  well  water  according  to  methods  outlined  by  the 
Committee  on  Methods  for  Toxicity  Tests  with  Aquatic  Organism  (1974)  to 
approximate  water  chemistry  conditions  found  in  the  Upper  Mississippi 
liver  (pH,  7. 6-6.0,  total  hardness  expressed  in  mg/l  as  CaC03,  160-180). 
Solutions  in  the  test  vessels  were  allowed  to  settle  for  1?  hours  before 
Introducing  test  organisms.  Aeration  of  test  solutions  was  provided  as 
necessary  to  xuintaln  the  oxygen  concentration  needed  to  support  the  test 
organisms,  and  was  kept  to  a  minianim  to  avoid  creating  turbulence  that 
would  disturb  the  sedixient.  Water  temperatures  were  maintained  at  17*C 
by  Immersing  test  vessels  in  water  baths.  Each  exposure  was  duplicated 
and  one  half  of  the  water  volume  in  each  test  vessel  was  replaced  daily 
for  %  hours  as  specified  In  the  contract.  Dissolved  oxygen,  pH, 
turbidity,  and  suspended  solids  ~eadings  were  taken  daily.  After  96 
hours,  the  test  vessel  contents  were  washed  through  a  fine  mesh  screen, 
and  survival  information  for  the  test  organisms  was  recorded. 

Sediment  suspensions  for  particulate  phase  tests  were  prepared  daily 
by  vigorously  mixing  sediment  with  reconstituted  well  water  at  a  ratio  of 
four  parts  water  to  one  part  sediment.  The  suspension  was  vigorously 
mixed  in  a  Hobart  mixer  for  30  minutes.  After  a  S-mfnute  settling 
period,  the  supernatant  was  carefully  decanted  into  100-liter  polyethylene 
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This  susoenslon  was  considered  to  typify  *  system  of  ’001 
uspended  particulate  medium.  The  suspension  was  maintained  by  vigorous 
aeration  end  Quickly  added  to  the  test  vessels  where  the  water  was 
aerated  prior  to  the  addition  of  the  test  organisms  Aeration  was  also 
provided  during  the  exposures  to  Maintain  suspensions  of  particulate 
Material  .  All  exposures  were  set  up  In  Quadruplet,  two  were  assessed  for 
Mortality  at  24  hours  of  exposure  and  two  at  H  hours.  Of  those  for 
9i-hcur  exposures,  one-hilf  of  *he  vol vme  was  replaced  daily  with  freshly 
prepared  100%  suspended  particulate  natter  for  4  days  It  96  hours),  eater 
temperatures  were  Maintained  at  17*C  by  me  S'n*|  test  vessels  1'  water 
baths.  Exposure  media  were  Monitored  daily  for  d's solved  oxyge  pH 
turbidity,  and  suspended  solids.  After  94  hours  twe  contents  of  the 
exposure  vessels  were  washed  through  a  fine  nesh  screen  and 
survival-nortsi Ity  data  for  test  organism*  were  recorded.  In  some 
Instances,  the  number  of  organism  recovered  was  less  than  that  added 
initially.  To  allow  for  'worst  case  situation*,  the  Mlsslnf  aninals  were 
recorded  as  Mortalities. 

Tests  on  suspended  particulates  that  resulted  In  greater  than  ?Ol 
Mortality  for  a  species  were  further  delineated  using  dilutions  of  the 
1001  suspended  particulate  medium.  Organisms  were  exposed  to  the 
undiluted  particulate  (1001  suspended  particulates )  and  suspensions 
containing  90,  7$,  SO.  25,  and  01  of  the  undiluted  particulate  Medium. 

The  01  exposure  was  a  control  test.  The  iC^o's  and  9S1  confidence 
Intervals  were  calcinated  according  to  procedures  of  Litchfield  and 
rfllcoxor  (1949)  for  those  groups  of  exposed  organisms  In  which  substan¬ 
tial  Mortality  occurred  among  exposed  organisms  and  where  control 
organism  survival  w»s  001  or  greater.  Procedures  for  batch  replacement 


and  cr.e*  cal  milytti  and  for  recording  temperature  and  s,rvival/mortality 
data  were  the  s*v  for  the  'articulate  and  solid  phase  tests. 

Cortrol  organises  were  aa  'tamed  n  reconstituted  test  water  with  no 
Sn  m  it.  0« e  group  of  controls  was  aerated,  and  one  group  was  not 
derated  to  assess  any  effects  that  aeration  might  produce  on  test 
>  ganlsmi. 

RESUITS 

nine  organisms  that  represent  species  found  in  the  Upper  Mississippi 
liver  were  eaposed  to  sediment  samples  from  10  sites  where  maintenance 
would  be  eipected  based  on  past  dredging  records  Bioassay  eiposures 
wrre  c  nducted  in  twc  phases  (1)  a  suspended  particulate  pbast  which 
appro* »  uted  the  worst  case*  cunditions  of  suspended  materials  which 
gV  develop  conditions  during  and  following  hydraulic  dredging,  and 
?)  a  solid  phase  whict  simulated  prt  Jredge  conditions  or  conditions 
following  settling  'wdl ately  after  dredging 

Particulate  Phase  Exposures 

Sediments  from  ?he  following  sites  were  predominantly  sand  and 
produced  little  or  no  mortality  Read  s  anding.  Trvedale  Slough,  west 
Vw*  n,  Somerfield  Island,  Island  SB,  Grey  Cloud  Slough,  and  Below 
udahy,  Wisconsin  (Tables  2-7).  A r  eiceptior  was  mayfly  nymphs  and  midge 
larvae  eiposed  to  sediment  from  Truedale  Slough.  Results  of  pnlimtnary 
e« posy res  were  erratic  for  both  organisms  as  well  as  control  organisms 
(Table  I),  we  ree * posed  these  organisms  to  the  1001  particulate  phase 
solution  and  also  to  concentrat ions  of  90,  7$,  SO,  and  ?S1  to  establish  a 
concentrat ion-response  gradient.  With  hayfly  nymphs,  survival  rates  were 
BO- 1001  at  all  concentrations,  t.e.,  no  mortality  was  related  to  the 
sedime.t  (Table  9).  Midge  survival  was  erratic  at  all  concentrat  ions. 
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however,  the  controls  survived  well  (90* 1001*.  ve  were  unable  to 
establish  a  concentration  correlated  response  curve,  possibly  because  the 
midge  culture  may  have  been  approaching  emergence.  If  so,  the  vigorous 
aeration  coupled  with  the  abrasive  nature  of  the  soil  particles  nay  have 
been  wore  than  the  midge  larvae  could  tolerate. 

Sediment  samples  that  contained  a  high,  percentage  of  silt,  clay,  and 
colloidal  materials  produced  the  most  significant  toxic  effect.  Sediment 
from  the  Winona  small  boat  harbor  produced  S4  and  731  mortality  amonq 
midge  larvae  In  1-day  exposures  (Table  10).  However,  the  observed 
mortality  figures  are  considered  questionable  as  numerous  live  aidge 
larvae  were  present  In  the  sample  when  It  arrived.  All  observed  larvae 
were  assessed  In  the  mortality  and  survival  figures,  and  It  Is  possible 
that  some  midges  In  the  original  sample  were  killed  during  the  sediment 
ailing  procedure.  The  4-day  test  results  Support  this  conclusion 
because  901  of  the  animals  survived. 

Sables  from  the  Oed  Wing  Commercial  Harbor  and  St.  Paul  Barge 
Terminal  were  the  only  ones  considered  toxic  to  aquatic  organisms. 
Suspended  particulate  material  from  the  Red  Wing  vommerc1al  Harbor 
produced  substantial  mortality  among  crayfish,  fathead  alnnows,  and 
channel  catfish  (Table  11).  Mayfly  nymphs,  midge  larvae,  snails,  and 
fingernail  clams  were  also  affected,  but  erratic  mortality  among  control 
groups  of  these  organisms  or  survival  rates  very  close  to  our  mintaun 
acceptability  limits  l 801)  led  us  to  to  believe  that  the  mortality  was 
not  directly  due  to  the  sediment. 

Delineation  tests  confirmed  the  preliminary  results.  411  organisms 
of  four  species  survived  the  exposures  or,  as  with  snails,  the  mortality 
among  exposed  Individuals  was  essentially  the  same  as  that  among  controls 


(Table  12).  Mortality  among  crayfish,  fatheed  Minnows,  and  channel 
catfish  was  definitely  associated  with  the  sedlMent,  survival  Increased 
as  particulate  phase  material  was  diluted.  For  Instance,  survival  of 
crayfish  ranged  from  401  In  the  undiluted  test  media  to  1001  In  the 
dilution  containing  251  of  the  undiluted  media.  Th*  H-hour  LC^'s 
(concentration  calculated  to  produce  SOI  mortality)  and  9S1  confidence 


intervals  ere  as  follows 

Crayfish 

84. Si 

(70.7-101) 

Fathead  minnow 

1071 

(85.2-134 ) 

Channel  catfish 

60.01 

(SI. 3-70. 2) 

The  u.jy  for  fathead  minnow  Is  obviously  an  extrapolated  value  be«.a^se 
less  than  SOI  mortality  occurred  In  the  undiluted  suspension.  The  values 
for  crayfish  and  channel  catfish  are  more  meaningful  because  more  than  SOI 
mortality  resulted  In  the  un^l  uted  suspension. 

'he  St.  Paul  Barge  Terminal  sample  produced  mortalities  exceeding  201 
among  crayfish,  snails,  fingernail  dams,  and  fathead  minnows  (Table  13). 
The  observed  mortalities  did  not  exceed  SOI  for  any  species. 

Oellneation  of  the  particulate  phase  media  showed  decreased  survival 
of  crayfish  at  suspended  particulate  concentrations  of  SOI  or  greater 
(Table  14).  Survival  of  fingernail  clams  was  decreased  at  the  1001 
concentrat Ions,  but  acceptable  survival  occurred  at  the  901  level.  Fathead 
minnow  survival  was  decreased  at  concentrations  of  751  or  greater,  snails 
were  not  affected  In  the  delineation  tests.  The  H  hour  LC$o‘*  *fld  9Si 
confidence  Intervals  are  as  follows 

Crayfish  861  (69.S-106) 

Fingernail  clams  1171  (95.4-144) 

1631  (116-229) 


Fathead  minnows 
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Again,  values  for  fingernail  clans  and  fathead  minnovs  were 
extrapolated  fron  the  mortality  regression  and  represent  theoretical 
values  because  greater  than  SOI  Mortality  old  not  result  in  the  undiluted 
suspension. 

Among  the  10  samples  sites.  Red  Ming  oam  -da!  Harbor  and  St.  Real 
Sarge  Terminal  were  the  only  two  samples  that  produced  enough  toxicity  to 
Justify  delineation,  toth  samples  contained  more  colloidal  and  clay  stye 
particles  than  the  other  sample  sties,  and  chemical  contaminants  were  also 
higher  (n  those  samples.  Toxicity  of  the  other  sites  containing  larger 
particle  slfe  sediment  was  essentially  nondetectable. 

Sol  Id  Phase  Exposures 

In  contrast  to  the  results  from  particulate  phes-r  exposures,  solid 
materials  produced  no  mortalities  that  could  be  related  to  possible 
contaminants  (Tables  15-24).  Scuds,  crayfish,  fawnfoot  mussels,  and 
fingernail  clams  had  good  survival  In  all  solid  phase  exposures.  Results 
of  tests  with  mayfly  nymphs,  midge  larvae,  and  snails  were  Inconsistent, 
for  these  organisms,  the  mortality  in  control  lots  was  equal  to  or  greater 
than  ‘he  mortality  among  exposed  organisms.  Exposures  of  these  species 
provided  erratic  results  In  both  solid  and  particulate  phase  tests. 
However,  because  mortalities  among  control  and  exposed  organisms  were  not 
substantially  different,  the  sediment  was  not  consldfred  to  be  toxic. 

Chemical  characteristics  of  the  particulate  phase  test  solutions 
were  fairly  constant  considering  the  complexity  of  the  fixing,  dally  batch 
replacement,  and  aeration  procedures  used  (Appendix  I).  A  problem 
encounterel  In  some  of  the  particulate  phase  tests  involved  the  Increasing 
suspended  solid  concentrations  due  to  dally  replacement  of  one-half  of  the 
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>  ample  volume  is  the  test  progressed.  The  grtdujl  Increase  In  c  ncentra» 
tlons  ml  suspended  solids  was  apparently  'elated  to  the  settling  of  »ome 
of  the  particulate  matter  during  the  day  between  batch  replacements. 

During  the  replacement  procedure,  some  of  this  ’pseudosettleo  material 
«as  probably  resuspended  This  occurrence  was  reflected  as  an  Increased 
concentration  of  suspended  particulate  matte*  when  measured  1  hour  after 
each  batch  replacement  This  conclusion  was  further  substant » ated  by 
t  rbidity  data  determined  before  and  after  each  batch  repl acewxrnt . 
Generally,  turbid  ty  concentrations  Increased  from  day  1  through  ensu  ng 
days,  but  dur**g  each  day,  the  turbidity  decreased  wUh  the  passage  o* 
time  unt'i  the  neat  hatch  replacements.  Dissolved  oiygen  and  pH  remained 
relatively  constant  throughout  the  tests. 

Chemical  and  physical  characteristics  of  the  solid  phase  test 
solutions  were  slightly  more  variable  than  those  of  the  particulate  phase 
solutions.  The  pH  of  the  solid  phase  test  solution  was  generally  more 
acidic  after  the  l?-hour  settling  period  than  it  was  on  subsequent  days 
after  aeration  and  the  introduction  of  test  organisms.  Dissolved  oxygen 
concentrations  in  solid  phase  solutions  were  lower  after  the  settling 
period  probably  due  to  the  oxygen  demand  of  the  sed*ment.  Turbidity  and 
suspended  sc/lid  concentrations  were  relatively  stable  In  most  solid  phase 
solutions.  However,  wt  did  note  that  crayfish  activity  In  the  test 
vessels  increased  the  turbidity  and  concentrat Ion  of  suspended  solids  in 
tests  involving  sedir^nt  which  contained  significant  amounts  of  f*ne 
particulate  matter. 

Chemical  character! st Ics  of  deMneatlve  test  solutions  prepared  by  the 
dilution  of  lOOt  particulate  matter  with  reconstituted  well  water  were 
very  comparable  for  pH  and  dissolved  oxygen  (Appendix  ! J )  throughout  the 
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4  day  test  period.  Turbidity  and  suspended  solids  readings  were  somewhat 
variable  from  day  to  day.  bu*  the  4- day  ave> ages  of  the  various  dilutions 
compared  favorably  with  the  Intended  (calculated)  concentrat 1 uns. 

DISCUSSION 

Sediment  samples  fro*  the  10  sites  can  be  characterljed  into  twc  types 
(1)  predominantly  sand,  and  (2)  fine  sand  with  substantial  amounts  of 
silt,  day,  and  colloidal  materials.  Biological  activity  In  the 
particulate  phase  eiposures  was  related  *o  tht  type  of  sediment  Mater  al. 
Samples  which  contained  predominantly  sand  were  essentially  non'.oiic,  and 
samples  containing  substantial  amounts  of  s  t,  clay,  and  colloidal 
oviterial  often  produced  a  toilc  effect 

Results  from  the  chemical  analyses  reported  In  this  study  suggest  that 
samples  f^om  the  Rsd  •  ng  C  mnerclal  |wat  Hai'bor  and  the  St  Paul  large 
Ters  «al  were  the  most  contaminated.  The  Prater  and  Anderson  (1977)  Inde* 
f  r  classifying  sediment.  Indicate  that  materials  from  both  sites  were 
heavily  polluted.  Results  of  the  biological  actlv.ty  tests  parallel  the 
analytical  results  In  that  samples  from  these  sites  also  displayed  the 
greatest  contamination  among  the  10  samples. 

The  survival  of  control  organisms  was  assessed  In  aerated  and  unaerated 
vessels  In  attempts  to  detect  differences  In  mortality  due  to  the 
t.rhulence  produced  by  aeration.  Me  detected  no  differences  In  survival 
rates  for  aerated  versus  unaerated  control  lots  of  organisms.  In  some 
instances,  survival  was  best  In  aerated  vessels  while,  In  other  cases,  the 
opposite  occurred.  However,  control  vessels  contained  no  sediment,  and  the 
poor  survival  of  mayfly  nymphs  and  midge  larvae  may  have  been  caused  by  the 
lack  of  a  suitable  substrate. 


The  erratic  mortality  among  nails  My  have  beer  aisocia'e-1  with  the 
age,  life  stiff  or  physical  condition  of  the  specimens.  Since  these 
animals  were  collected  from  nature,  there  was  no  way  to  determine  the  age 
of  Individuals  even  though  specimens  used  were  similar  In  size  Addttiona’ 
studies  using  laboratory  cultured  organisms  My  provide  more  consistent 
esults. 
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METHOOS  FOR  CHEMICAL  CHARACTERS*  10* 

Sediment  samples  were  homogenized  and  analyzed  for  parMcle  size  by 
sieving  and  by  the  hydrometer  n»*Nod  (AST*  1979y.  Sieving  was  carried 
out  with  a  series  of  stainless  steel  sieves  on  a  Soli  Test  sieve  shaker. 
Dispersion  of  the  sediment  sample  for  the  hydrometer  test  was  obtained 
with  a  Soil  Test  stirrer  and  a  dispersion  cup. 

Suspended  particulate  solutions  were  prepared  by  vigorously  mixing  a 
1  4  (volume  volume)  ratio  of  homogenized  sediment  and  reconstituted  water 
(160-190  mg/l  total  hardness  as  CaCOj)  for  30  minutes.  After  S  minutes 
settling  time,  the  supernatant  (suspended  part Icuf ates)  was  siphoned  off. 
The  suspended  particulate  fraction  was  divided,  and  half  of  this  sample 
was  centrifuged  to  remove  most  of  the  heavy  particulate  material  and  then 
f  tered  through  mllllpore  filters  (0.45  urn)  to  obtain  the  elutriate 
(liquid  phase)  samp’e. 

Aliquots  of  the  sediment  for  the  solid,  suspended  particulate,  and 
liquid  phases  were  analyzed  In  duplicate  for  volatile  solids,  chemical 
oxygen  demand  (COO),  and  biochemical  oxygen  demand  (100)  follow*!.* 
standardized  procedures  f American  Public  Health  Association  1976,  U.S. 
Environmental  Protection  Agency  1979).  Following  acid  digestion  samples 
were  analyzed  for  cadmium,  chromium,  copper,  lead.  Iron,  nickel,  ard 
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zinc  using  a  Model  560  Perlin-Elmer  italic  ab'orptien  spectrophotometer 
equipped  with  graphite  furnace.  Cold  vapor  technique  was  used  for  «*.*  jry 
analysis  kAmericar  Public  Health  Association  1976). 

Analyses  for  ammonia  nitrogen  were  vde  using  a  Model  4  rio' 
Specific  Ion  meter.  Oil  and  grease  fractions  wore  determined 
gray  metrically  following  soxalet  extraction  (America  Public  Health 
Association  1976). 

Duplicate  analyses  of  bulk  sediaen'  samples  for  n  tr  te  mtroge  and 
n  'rate  nitrogen  were  made  sing  the  methods  of  so'  analys*  des  oed  by 
Bremner  (1965).  Analyses  for  ortho  and  total  phosphate  iere  done 
a  irdtng  to  the  methods  of  Olsen  and  Dean  (1965),  pu  was  measure"  by  '.he 
method  of  Peech  (1965). 

Many  water  analysis  procedures  recommend  filtration  of  highly  t  rt  id 
simples  prior  to  analysis.  In  our  study,  this  *ejuld  have  altered  the 
suspended  particulate  sample,  essentially  converting  It  into  another 
elutriate  sample.  Therefore,  the  suspended  particulate  samples  were 
analyzed  by  lh«  procedures  referenced  above  for  solid  phase  analysis. 

Procedures  used  for  analysis  of  the  liquid  phase  are  those  outlined 
for  water  by  the  American  Public  Health  Association  (1976). 

Analyses  for  residues  of  PCI's  (as  Aroclor  1254),  ODT ,  D00,  DOF, 
dieldrin,  endrin,  and  chlordane  were  made  according  to  methods  developed  by 
Ted  Schwartz  of  the  Columbia  National  Fishery  Research  laboratory, 
Columbia,  Missouri ,  (personal  communication).  The  procedure  nvolved 
blending  sediment  with  anhydrous  sod'um  su’fate  followed  by  columr 
extraction  with  methylene  chloride  The  liquid  phase  was  extracted  with 
sw*thylene  chloride  In  separatory  funnels  florlsil  and  silica  gel  column 
were  used  for  sample  cleanup.  Sulfur  interferences  were  hy 
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reaction  with  copper  metAl  .  Cle«ned  up  iwt  es  we-e  then  anal//?;*  ag*  1  t 
reference  pesticide  standards  on  Var  an  370U  and  Tracor  MT-220  ga- 
chranatogi  aphs  equipped  Kith  electron  capture  detection  Operating 
conditions  for  the  Varlan  3700  were  as  follows  6  ft  *  2  m*  glass  co  u*r 
packed  ulth  1.51  0V-17  and  T.fSl  Qf-1  on  bb  100  mesh  ^hromosorb  »  HP, 
columr  temperature,  190°C,  detector  temperature.  370°C,  injector 
temperature ,  220°C,  nitrogen  carrier  gas  flow,  32  •L/m  n  electrometer 
setting,  4  X  10*’  Af 5  deflection  on  i  1  M  recorder.  Operating  conditio* 
for  the  Tracor  KT  220  were  as  follows  fc  ft  X  4  mr  glass  columr  pa  led 
with  31  OV-17  on  80-100  mesh  Chromosorb  k-hP,  co  «n  temperature,  ’(V*  . 
uetector  temperature,  300°C,  inje'tor  temperature,  27C°C,  nltroge:  tarr  er 
gas  flow,  column-*C  *L  min,  scavenge  40  al/m  n,  electrometer  sealing,  ’,6  X 
10'^  AfS  deflection  on  i  1  M  recorder. 

Duplicate  samples  of  the  reconstituted  d  utior  water  used  in  awl  ng 
the  suspended  particulate  and  liquid  phases  were  also  ana  yzed  for  all  of 
the  listed  chemicals.  Results  of  an*  yses  of  sediment  samples  are  reported 
on  the  basis  of  dry  weights  of  sediments.  Res'  ts  of  analyses  of  fw 
suspended  part iculates,  elutriate,  and  reconstituted  water  are  re,  -rted  on 
the  basis  of  concentration  per  liter. 

There  was  a  shortage  of  sample  me’rrlal  from  the  Winona  Small  8oa* 
Harbor  site  so  the  analyses  of  the  solid  and  suspended  particulate  phases 
for  oil  and  greese  could  not  be  completed  for  that  site  ('able  63 

The  columr  extraction  procedure  for  the  solid  phase  and  solvent 
partitioning  of  the  liquid  phase  were  found  to  be  inappropriate  far 
extracting  chlorinated  hydrocarbons  from  the  suspended  particulate  phase 
Therefore,  concentrations  of  chlorinated  hydrocarbons  In  the  particulate 
phase  were  not  deterrin*d. 


RESULTS  KHO  DISCUSS H  H 


FOR  CHCHICAl  CHARACTER l 2AT I ON 

Hydrometer  pert  tele  sire  measurements  were  recorded  n  specific  gravity 
units  (Tables  25-34).  ^e  percent  term  refers  to  the  percentage  of  soil 
remaining  in  suspension  at  the  eve!  at  which  the  hydrometer  measured  the 
lens  ty  of  suspeni  n.  Stokes  la**  was  used  to  calculate  the  diameter  of 

particles  (in  microns)  that  settled  from  the  surface  of  the  suspension  at 

he  beginning  of  the  sed’menta* Ion  to  the  level  at  which  the  hydrometer  was 
measuring  the  density  of  the  suspension  (ASTH  1979).  The  hydrometer  test 
w  useful  n  determ  n'ng  the  percentage  of  the  sediment  that  was  made  up 
of  silt.  clay,  or  colloid.  Sieving  was  used  to  segregate  various  siz*s  of 

sand  particles  (Tables  35-44).  ^He  combmat  on  of  these  two  techn  ques  was 

then  used  to  determine  particle  size  class* f icat ton  of  each  sediment  sample 
(Tables  45-54).  Particle  size  distributions  of  each  of  the  10  sites  show 
that  mes'  of  the  sediment  samples  were  predominantly  sand  with  samples  from 
Red  wing  Couriered  Harbor.  St.  Paul  Barge  Terminal,  and  Winona  Small  Boat 
Harbor  containing  large  amounts  of  silt  and  clay  (Fig.  1). 

Reconstituted  water  used  In  preparing  the  suspended  particulate  and 
elutr'a'e  phases  was  composed  of  deionized  water  and  ACS  reagent  grade 
norgan4c  salts.  The  average  pH  of  the  dilution  water  was  8.26. 
Concentrations  of  none  of  the  other  characteristics  were  above  minlimim 
detectable  limits  (Table  55). 

hone  of  the  pH's  for  any  phase  of  the  samp’es  fell  outside  the  range 
of  7-9.  'he  average  pH  was  about  7.9.  "he  pH  of  the  liquid  phases  was 
generally  higher  than  that,  of  the  particulate  phases,  which  was  usually 
slightly  higher  than  that  of  the  solid  phases  (Tables  56-65). 
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There  was  generally  good  agreemen t  between  replicate  anlayses 
indicating  the  samples  were  well  homogenljed  before  subsampllng  (Tables 
25-6 5).  In  chemical  characterisation,  concent  rations  were  generally 
largest  for  solid  phase  samples,  and  the  values  for  suspended  particulate 
simples  were  generally  larger  than  the  liquid  phase  samples  (Tables  56-65). 
This  was  expected  since  progressl vely  more  of  the  sediment  material  was 
removed  n  preparation  of  the  suspended  particulate  and  liquid  phase 
samples.  The  relationship  was  particularly  evident  in  analyses  for  COO. 
dOO.  phosphates,  oil  and  grease,  and  some  of  the  metals  such  as  cadmium, 
chromium,  line,  and  Iron.  Consequently,  In  a  dredging  operation,  the 
majority  of  contaminants  found  In  the  tested  edlments  generally  would 
remain  associated  with  the  sediments  and  would  not  be  available  to  aquatic 
organisms  unless  they  are  water  extractable.  Vigorous  treatment  such  as 
acid  digestion  would  be  required  to  liberate  most  of  *he  materials. 

Such  lack  of  release  of  contaminants  from  sediments  has  been  widely 
documented  by  studies  using  the  standard  elutriate  test  which  usually 
Involves  mixing  for  30  minutes  and  settling  for  60  minutes  (Irannon  et  al . 
1976a,  Brannon  et  al .  1976b;  Burks  and  Engler  1978,  Gambrel  1  et  al.  1980). 
In  this  study,  only  5  minutes  settling  time  was  used  during  preparation  of 
the  elutriate  to  simulate  2  "worse  case"  situation.  Very  little  of  thv 
contaminants  was  released.  Hone  of  the  concentrations  observed  In  the 
1’quld  phase,  by  themselves,  would  be  acutely  toxic  to  aquatic  organisms 
with  several  possible  exceptions,  fhe  exceptions  included  the  levels  of 
won la  nitrogen  found  In  the  samples  from  the  St.  Paul  Barge  Terminal 
Tab1e  57)  and  Bed  wing  Cownerclal  Harbor  (Table  59)  and  several  samples 
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w<»h  potentially  hazardous  concentrations  o *  cadmium  (Tables  56-61.  63,  65) 
and  line  (Tables  57,  58,  61,  62,  64,  65).  Burks  and  Engler  (1978)  also 
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reported  the  water  solubility  end  release  of  amonia  from  sediments 
Brannm  et  el.  ( 1976b )  reported  thet  the  release  of  amnonla  concentrettons 
in  stenderd  elutriete  tests  exceeded  CP*  water  quality  stenderds  for 

aquatic  life. 

Residues  of  PCB's  (es  Aroclor  l;’54)  were  observed  In  ell  sediment 
samples.  However,  the  concentretion  in  severel  samples  (Tables  56,  60. 

61,  6?)  was  less  then  thet  which  could  be  accurately  quantified  (<1.00 
ng  g).  In  every  case  where  only  trace  amounts  were  obser  ed,  the  sediment 
part  cle  sue  was  r’asslfied  as  being  » redominant’y  medium  sand  with 
essentially  no  particles  smaller  than  fine  sand  (74-425  urn).  TMs  inverse 
r  lationshtp  between  particle  size  and  contaminant  concentration  was  well 
orreljted  for  most  parameters  examined.  Sediments  from  the  St.  Paul  Barge 
Terminal,  Red  Wing  Commercial  Harbor,  and  Winona  Small  Boat  Harbor,  for 
example.  were  characterized  as  consisting  of  large  proportions  of  Silt  and 
lay  (Tables  46.  48,  5?)  and  all  contained  significantly  greater 
c 'ncentrations  of  contaminants  than  samples  which  were  predominantly  sand. 
Grt  !wood  and  McGhee  '1979)  also  observed  that  rhe  adsorption  of  dissolved 
mater  als  on  sediments  is  associated  with  the  finer  particles,  particularly 
clays  ( <5  urn). 

Tte  sediment  sample  from  Red  wing  ammertlal  Harbor  (Table  59)  was  *he 
nly  sample  where  DOC  and  endrin  were  confirmed,  Thet  site  also  contained 
re?  dues  of  DOT,  D00,  dieldrin,  and  chlordane.  Residues  of  these 
chlorinated  hydrocarbons  were  usually  not  found  in  sediments  which  were 
predominantly  sand  (Tables  54,  58,  60.  61,  62,  64),  the  exception  was  the 
sample  from  below  Cudahy  i^ich  contained  a  small  amount  of  DOii  and 
hlordane  (Table  65).  However,  this  sample  was  partially  composed  of  silt 
and  clay  size  particles  (Table  54). 
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Prater  and  Anderson  (1977)  compiled  a  list  of  the  ranges  of  concentra¬ 
tions  of  contaminants  they  found  In  sediments  and  used  the  list  to  classify 
sediments  as  tonpolluted,  moderately  polluted,  or  heavily  polluted.  Rased 
on  their  classlf Icatlon  system,  the  sediment  sample  from  Red  Wing 
Commercial  Harbor  -as  heavily  polluted  with  volatile  solids,  zinc,  ammonia, 
phosphate,  nickel,  and  chromium,  and  moderately  polljted  with  iron  and 
GO  (Table  59).  the  only  other  sample  that  was  heavily  polluted  according 
to  their  classification  system  was  from  the  St.  Paul  Barge  Terminal.  This 
site  was  contaminated  with  zinc  and  was  also  moderately  polluted  with 
phosphate,  nickel,  and  chromium  (Table  57).  Nickel  and  chromium  were 
ubiquitous  contaminants.  The  only  samples  not  polluted  with  nickel  to  some 
degree  were  from  Read's  Landing  (Table  56)  and  Truedale  Slough  (Table  SB). 
Read’s  Landing  was  the  only  site  not  polluted  with  chromium. 

Analytical  Quality  Control 

Quality  assurance  for  the  analytical  procedures  used  in  this  study  was 
provided  by  several  Integrated  programs.  Control  standards  of  water, 
wastewater,  metals,  and  pesticides  for  most  of  the  characteristics  we 
currently  monitor  are  analyzed  on  a  regular  basis.  Results  of  analyses  are 
regularly  checked  against  the  manuf acturer* s  standard  values.  If  the 
'-esult  of  an  analysis  for  any  characteristic  falls  outside  the  acceptable 
range,  steps  are  taken  to  evaluate  the  cause  of  the  discrepancy  and  to 
c  rrect  the  problem.  Quality  assurance  standards  of  potable  water, 
wastewater,  metals,  and  pesticides  were  obtained  from  Environmental 
Resource  Associates,  l?0  East  Sauk  Trail,  South  Chicago  Heights,  Illinois 
60411.  Standards  for  minerals,  nutrients,  demands,  and  trace  meials  were 
sbtalned  from  the  Environmental  Protection  Agency,  Cincinnati,  Tblo. 
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Analyses  of  replfCAte  semples  And  the  technique  of  known  Addition 
stenderds  Are  used  to  verify  precision  end  eccurecy  of  AnelytlCAl 
procedures.  Additlonel  quality  Assurence  Is  pro  ided  by  ■splitting* 
Simples  with  4  IocaI  wAter  quAllty  leboretiry  OAvy  UAter  QuAllty 
1  it  >-Atory,  La  Crosse,  Wisconsin). 
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Table  1.  Upper  Mississippi 

River  sediment  sa-vle  sites  -- 

I960. 

Site  name 

Ri ver  mi 1e 

Date  collected 

St.  ?4ul  Barge  Terminal 

830.6-637.8 

June  3 

Head's  Landing 

T61 .6- 703.8 

June  3 

Ped  wing  i  ommerctal  Harbor 

791.4 

Juno  17 

Trurdale  S lougb 

806.2-806.7 

June  1 7 

•est  Mewton 

747 .2- 74B.2 

July  1 

Snmerfield  Island 

742.6-743.9 

July  1 

wtnona  Small  Seat  Harbor 

726.0 

July  16 

Island  S8 

734.0-/36.2 

uuly  16 

Below  Ctidah) 

831.0-832.4 

July  29 

Grey  Cloud  SI  0096 

627.6-828.3 

July  29 

Survival  of  selected  aquatic  organise  <?<po*ed  to  **d‘«*nt  from  Read  ^  taml  ig  for  1-  and  4-day 
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Tab’e  5.  Survival  of  selected  aquatic  organises  e»posed  to  sediment  from  Island  V  for  1  and  4  day 
e«posures  In  hard  *ater  at  If'C  1*  a  particulate  phase  laboratory  test. 
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Table  7.  Survival  of  selected  aquatic  organ  s*s  e«pused  to  se>1t*en»  fro*  below  Cudahy  for  1  and  4  day 
e*posures  In  hard  eater  at  1 in  a  particulate  phase  laboratory  test. 


’aM»  8.  Survlva'  if  svltcttd  aquatic  orgar  \%\  e*pos«J  to  tedtmcn*  fro*  TruedaU  Slouqh  for  1-  and  4  day 


Channel  catfish 
ictalurws  punctatus 


’able  9.  Jellneation  of  particulate  phase  tests  with  sediment  fro* 


Truedale  Slouch 

In  reconstituted  water  at 

17*C. 

Composition  (1) 
and  species 

Percent  survival 
of  10  organisms 

among  two  groups 
each  for  4  days 

A 

B 

MayfTy  nymphs 
neiagen  a  sp. 

100 

90 

90 

90 

100 

100 

75 

80 

100 

50 

100 

100 

25 

100 

90 

Control4 

90 

90 

nidge  larvae 
Chlrono^iS  tentans 

100 

50 

50 

90 

60 

50 

75 

70 

40 

50 

30 

60 

25 

30 

60 

Control4 

100 

90 

dilution  water  only. 


Table  10.  Survival  of  selected  aq  ,4t  (c  organisms  evposed  to  sediment  f ro*«  a  nona  S*a11  Boat  Harbor  for 
and  *-day  eiposuret  in  hard  aater  at  P'C  in  a  particulate  phase  laboratory  test. 


*Hayfly  nymphs  and  n1d9e  larvae  e*1sted  n  the  or  a  al  sample,  »hose  specimens  *ere  Incl  tdcd  in  the  data. 


Tat>le  11.  Survival  of  a^uat tc  orya*  \«s  tip  *e<t  to  vrd  ven*  frwt  sitri  ^'09  ^(>’rv“*‘Cla,  Harbor  for 

and  4-day  exposures  in  hard  water  at  17*  in  a  par* iculate  phase  ’aboratory  test. 


3fl 

'able  12.  Delineation  of  particulate  phase  sediment  tests  from  Pedwtn^ 
'oewerclal  loat  Harbor  in  reconstituted  water  at  17*C. 


Species  and  Percent  survival  **1009  two  groups 

media  composition  (1)  of  H)  jor^an isms  each  for  4  days 

■  B 

Crayf ish 


Procaafcaruji  sp. 

100 

50 

>0 

90 

40 

50 

75 

60 

50 

50 

80 

90 

25 

100 

100 

Control  4 

100 

100 

Mayfly  nymphs 

Heiajgola  sp. 

100 

90 

90 

90 

90 

90 

75 

60 

90 

50 

100 

100 

25 

100 

ino 

Control4 

MO 

90 

* 

Midge  larvae 
thlronoaws  tentans 

100 

90 

90 

90 

90 

90 

75 

90 

90 

\* 

50 

90 

90 

25 

100 

100 

1  * 

Control4 

90 

90 

(more) 

1 

*>  jj 

I 

Table  1?.  (eonfd) 


Species  and  Percent  survival  awon*  two  groups 

nedia  composition  (1)  of  10  organ’ s»s  each  for  4  dajrs 

A  V 


Snail 

Phjrsa  grrina 


100 

70 

60 

90 

BO 

80 

?s 

90 

70 

so 

90 

80 

2S 

100 

100 

Control4 

60 

90 

Fingernail  cl  a* 

Sphae*-  uw  sp. 

100 

80 

90 

90 

100 

90 

7S 

90 

80 

SO 

90 

100 

?S 

90 

80 

Control4 

100 

100 

Fathead  winnow 

Hwephales  p rowel  as 


40 

Tat>le  1?.  (cont'd) 


Species  and 
media  composition  (1) 

Percent 
of  10 

survival 

on^msms 

among  two  groups 

each  for  4  days 

T 

Channel  catfish 

Ictalurus  punctatus 

100 

0 

0 

90 

0 

30 

7S 

?0 

>0 

SO 

80 

50 

?S 

100 

100 

Control4 

100 

100 

13.  Survival  of  selected  aquattc  organisms  exposed  to  sediment  from  St.  Paul  par^e  Terminal  for  1-  and 
4-day  exposures  In  hard  water  at  17*C  In  a  particulate  phase  ljporatory  test. 


Channel  catfish 
Ictalurus  punctatus 


fable  14. 


Delineation  of  particulate  phase  tests  with  sed  men*  fro*  the 
St.  Paul  Barge  Terminal  in  reconstituted  water  at  17*C. 


Species  and 
ne-iia  composition  (1) 


Percent  survival  among  two  groups 
of  10  organisms  each  for  4  days 

- nr  ~  '  ’p 


Crayf ish 


ProcanOarus  sp. 

100 

*0 

— 

90 

40 

— 

75 

70 

... 

50 

90 

— 

Control4 

90 

— 

Snai  1 

Physa  ^yrina 

100 

90 

90 

90 

100 

90 

75 

90 

90 

50 

8C 

90 

Control4 

100 

to 

Fingernail  clams 

Srhaerlun  sp.) 

100 

60 

60 

90 

’0 

100 

75 

70 

90 

50 

90 

90 

Control4 

90 

100 

(more) 
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Table  14.  (cont'd) 


Species  and 
media  composition  (1) 

Percent  survival 
of  10  organisms 

among  two  groups 
each  for  4  days 

1 

fathead  minnow 

Pimephale*  promelas 

100 

40 

90 

9C 

70 

60 

75 

100 

90 

SO 

90 

90 

Control4 

100 

100 

*011ut1on  wate»  only. 


hard  water  at  1 7*C  In  a  tolld  phase  laboratory  'e*t. 


Fingernail  clam 


fdw'ii'oot  cUfl 
TrureiHa  lorac  i  for*u  % 


table  Ifl.  Surw  1  t  of  selected  aquatic  or^antves  e»pos«d  to  sediment  fro*  omerf  fid  Itltnd  for  4  dayl  In 
hard  water  at  lf*C  in  a  solid  phase  laboratory  test. 
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f ‘ngernai I  c’a» 
Spfvae r  1  u»  sp. 


solid  ph**e  ♦  or^t  jry  t**t. 


Table  20.  Survival  of  selected  1  c  organises  e*»osed  t ;  .,ed‘«ent  from  Grey  Cloud  Slougti  for  4  days  In 

nard  ««t*r  at  1?*C  m  a  solid  phase  1 iborat jry  test. 


ds  otn^eeq^j; 

W*|3 


solid  ph*s«*  Uborjtory  test. 
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Fingernail  cl«wi 
Sphterly  sp. 


8 

8 

8 

9 

8 

8 

8 

f 

• 

9 

i 

8 

• 

• 

• 

8  ! 

9 

1 

8 

9 

• 

t|IMO#| 

00! 

9 

H  91 

m 

1 

o  & 

Jtol*  ?*.  of  jquj’lr  '••fjn*  v*\  e«»n>tr<i  ?  j  \e<*  *enf  ' rxm  St  jul  Bjrq*  Vrnlnol 

for  4  dJy«,  in  hjrd  »Jttr  4*  If*  1«  j  il  Id  p *«\e  Jbor.it  ry  '«t. 


’able  ?5.  Hydrometer  particle  sire  analysis  of  a  sediment  sample*  f 


Read  s  landing. 

T  ime 

(min) 

Hyrodmeter 

reading 

Percent 

Duameter 

(microns) 

? 

1.0005 

0.99 

48.11 

1.0007 

1.3? 

48.11 

(1.0006) 

(1.16) 

(48.11) 

5 

l.oooe 

1.3? 

30.43 

1.0009 

1.49 

30.43 

(1.0009) 

(1.41) 

(30.43) 

IS 

1.000? 

0.33 

17.73 

1.0013 

?.  15 

17.57 

(l.oooe) 

(1.^4) 

(17.65) 

30 

1.0005 

0.83 

1?.4? 

1.0009 

1.49 

1?.4? 

(1.0007) 

(1.161 

(12.42) 

60 

1.0003 

0.50 

8.87 

l.oooe 

1.3? 

8.78 

(1.0006) 

(0.91) 

(8.83) 

?50 

l.oooe 

1.3? 

4.30 

1.0011 

1.65 

4.30 

(1.0010) 

(1.49) 

(4.30) 

1.440 

1.0009 

1.49 

1.79 

1.0011 

1.8? 

1.79 

(1.0010) 

(1.66) 

(1.79) 

•Duplicate  swbsamples  were  analyzed,  mean  is  in  parentheses 
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Table  26  Hydrometer  particle  size  analysis  of  a  sediment  sample4  fr  * 
St.  Paul  Barge  Terminal. 


Tine 

(«1n) 

yrodneter 

reading 

Percent 

01 a meter 
(•icons) 

2 

1.0126 

31.69 

34.63 

1.0115 

28.92 

34.89 

(1.0121) 

(30.31) 

(34.76) 

5 

1.0100 

25.15 

22.57 

1.0101 

25.40 

22.57 

(1.0101) 

(25.28) 

(22.57) 

15 

1.0084 

21.12 

13.27 

1.0005 

21.38 

13.13 

(1.0065) 

(21 -?S) 

(13.20) 

>0 

1.007b 

19.11 

9.38 

1.0075 

18.86 

9.38 

(1.0076) 

(18.99) 

(8-33) 

60 

1.0071 

17.86 

6.68 

1.0073 

18.36 

6.68 

(1.0072) 

(18.11) 

(6.68) 

250 

1.3064 

16.09 

3.31 

1.0067 

16.85 

3.27 

(1.0066) 

(16.47) 

(3.29) 

1.440 

1.0049 

12.32 

1.39 

1.0048 

12.32 

1.39 

(1.0049) 

(12-32) 

(1.39) 

•Duplicate  subsamples  were  analyzed,  -<ean  Is  In  parentheses. 


L 
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Teble  28.  lydroneter  pertlcle  slie  enetysls  of  e  sediment  sample*  fron 
Red  Ming  Coewerclil  Merbor. 


T  1«e 

Hydro»eter 

D*e«e* er 

(«1n) 

reeding 

Percent 

(ailerons) 

2 

1 .0260 

86.51 

29.56 

1.0260 

86.51 

29.56 

(1.0260) 

(86.51) 

(29.56) 

5 

1.0220 

73.20 

19.76 

1.0235 

78.19 

19.28 

(1.0228) 

(75.70) 

(19.52) 

15 

1.0195 

64.88 

11.68 

1.0202 

67.21 

11.68 

(1.0199) 

(66.05) 

(11.68) 

30 

1.0H5 

58.23 

8.44 

1.0160 

59.89 

8.44 

(1.0178) 

(59.06) 

(8.44) 

50 

1.0155 

51.57 

6.12 

1.0160 

53.24 

6.12 

(1.0158) 

(52.41) 

(6.12) 

250 

1.0120 

39.93 

3.12 

1.0125 

41.59 

3.10 

(1.0123) 

(60.76) 

(3.11) 

1.440 

1.0006 

28.61 

1.34 

1.0090 

29.94 

1.34 

(1.00S8* 

(29.28) 

(1.34) 

•Owpllcete  subsenples  were  enelyjed,  neen  is  in  perMt*tte$ 
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^able  29.  Hydrometer  particle  size  analysis  of  a  sediment  »*splea  from 
Hes t  9ewtoe. 


T  t«*e 
(«ln) 

Hyrodmeter 

read<n$ 

Percent 

01 eme'er 
(wtcrons) 

2 

1.0002 

0.31 

49.75 

1  0001 

0.1S 

4S.75 

(1.0002) 

(0.23) 

(49.75) 

5 

1.0001 

0.1S 

31.47 

1.0001 

0.15 

31.47 

(1.0001) 

(0.15) 

(31.4?) 

IS 

1.0001 

0.15 

18.17 

1.0002 

0.31 

18.17 

(1.0002) 

(0.23) 

(18.17) 

30 

1.0004 

0.61 

12.85 

1.0003 

0.46 

12.85 

(1.00041 

(0.54) 

(12.85) 

60 

1.0002 

0.31 

9.08 

1.0002 

0.31 

9.08 

(1.0002) 

(0.31) 

(9.08) 

250 

1.0003 

0.45 

4.45 

1.0001 

0.15 

4.45 

(1.0002) 

(0.30) 

(4.45) 

1.440 

1.0006 

0.92 

1.84 

1.0003 

0.46 

1.85 

(1 .0005* 

(0.69) 

(1.85) 

♦Duplicate  subsamples  were  analyzed,  mean  1*  In  parentheses. 
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'able  31.  Hydrometer  particle  sire  ana’ysts  of  a  sed  men»  saa*  e4  from 
Island  58. 


Time 

(■In) 

Hy»-od*h*ter 

reading 

Percent 

Diameter 

(microns) 

2 

1.0002 

0.35 

50.15 

1.0001 

0.17 

50.15 

(1.000?) 

(0.26) 

(50.15) 

5 

1.0001 

0.17 

31.7? 

1.0001 

0.17 

31.72 

(1.0001) 

(0.17) 

(31.72) 

IS 

1.0001 

0.17 

18.31 

1.0003 

0.S2 

16.31 

(1.00021 

fO.35) 

(16.31) 

30 

1.000' 

1.22 

12.83 

1.0006 

1.0S 

12.83 

(1.000’) 

(1.1«) 

(12.83) 

60 

1.000’ 

1.22 

9.07 

1.0009 

1 .57 

9.07 

(1.0008 

(1.40) 

*1. 07) 

zso 

1.000? 

l  .22 

4.44 

1.0005 

0.87 

4.44 

(1.0006 

(1.0S) 

(4.441 

1.440 

1.0006 

1.05 

1.85 

1.000* 

0.87 

1.85 

(1.0006 

(0.96) 

(1.85) 

•Duplicate  subsanp'es  *rr*  analyzed,  mean  is  in  parentheses. 


61 

'jb  e  3?  Hydrometer  particle  site  ani’ytls  of  i  sediment  samp’e*  from 


m  non#  5*a'1  9oat  M*rt>or, 


Time 

(»1n) 

Hyrryimler 

••eadlng 

Percent 

O^ameter 

(microns) 

2 

1.0057 

22.93 

60.06 

1.3052 

20.92 

60.67 

(1.0055) 

(21.93) 

160.37) 

5 

1.0049 

19.71 

38.37 

1.0048 

19.31 

38.37 

(1.0049) 

(19.51) 

(38.37) 

15 

1.0041 

16.49 

22.30 

1.0039 

15.69 

22.30 

(1.00*0) 

(16.09) 

(22.30) 

30 

1.0037 

14.88 

15.77 

1.0036 

14.48 

15.77 

(1.0037) 

(14.68) 

(15.77) 

60 

1.0034 

13.68 

11.26 

1.0030 

12.07 

11.26 

(1.0032) 

(12.86) 

(11.26) 

250 

1.0028 

11.26 

5.52 

1.0023 

9.25 

5.57 

(1.0026) 

(10.26) 

(5.55) 

1.4*0 

1.0016 

6.44 

2.32 

1.0015 

6.03 

2.32 

(1.0016) 

(6.24) 

(2.32) 

•Tup  'Cite  subsamples  were  analyzed,  mean  «s  In  parentheses. 
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* 


Table  33.  Mydraweter  particle  size  analysis  af  a  sednwent  sa«plea  fro* 
Grey  Cloud  Slough. 


Time 

("in) 

Hyrodw*  er 
reading 

Percent 

Dla«e*er 

(mtcrons) 

2 

1.0013 

?.?0 

48.21 

1.0016 

3. OS 

47.90 

(1.0016) 

(2.53) 

(48.06) 

5 

1.0013 

?.?o 

30.49 

1.0016 

2.71 

30.30 

(1.0015) 

(?.36) 

(30.40) 

IS 

1.0017 

2.88 

17.49 

1.0016 

2.71 

17.49 

(1.0017) 

(2.80) 

(17.49) 

30 

1.0019 

3.22 

12.37 

1.0017 

2.88 

12.37 

(1.0018) 

(3.05) 

(12.37) 

60 

1.0011 

1.97 

8.80 

1.0014 

2.37 

8.80 

(1.0013) 

(2.17) 

(8.801 

250 

1.0013 

2.20 

4.31 

1.0014 

2.37 

4.31 

(1.9014) 

(2.17) 

(*-31 ) 

1.440 

1.0013 

2.20 

1.80 

1.001? 

2.04 

1.80 

(1.0013) 

(2.12) 

(1.60) 

•Duplicate  sub samp  es  uere  analyzed,  nean  1$  in  parentheses. 


r 
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Table  34  Hydrometer  particle  slae  analysis  of  a  sed  went  sample*  from 


below  Cudahy, 

Time 

(•!") 

Hyrodmeter 

reading 

Percent 

Diameter 

(•♦cr©n«s) 

2 

1.0056 

10.30 

49.47 

1.005* 

10.67 

49.97 

(1.0057) 

(10.49) 

(49.97) 

5 

1  0049 

4.01 

31.42 

1.0051 

9.38 

31.42 

(1.0050) 

(9.20) 

(31.42) 

15 

1.0043 

7.91 

18.55 

1.0045 

9.27 

18.43 

(1.0044) 

(8.09) 

(18.49) 

30 

1.0043 

7.91 

13.12 

1.0041 

7.54 

13.12 

(1.0042) 

(7.73) 

(13.12) 

60 

1 .0037 

6.80 

9.28 

1.0034 

6.26 

9.37 

(1.0036) 

(6.53) 

(9.32) 

250 

1.0032 

5.88 

4.59 

1.0030 

5.52 

4.59 

(1.0031) 

(5.70) 

(4.59) 

1.440 

1.0022 

4.05 

1.93 

1.0024 

4.41 

1.93 

(1.0023) 

(4.23) 

(1.93) 

•Duplicate  subsanples  were  analysed 

,  mean  is  In  parentheses. 

♦  • 


M 


Tab1e  35.  Sieve  particle  t1»e  analytls  ®f  a  tedlwent  taaiple*  fro«  lufTt 


landing. 


Sieve 

nxjnfcer 

Pore  site 
(*•») 

Hatt  retained 

(9) 

Hats  patting 

(9) 

Amount  patting 
(X) 

10 

2,000 

2.68 

114.6 

97.7 

2.68 

114. 

97.7 

(2.68) 

(114.6) 

(97.7) 

16 

1.000 

10.0 

104.8 

89.2 

13.0 

101.8 

86.6 

(11.5) 

(103.3) 

(87.9) 

35 

500 

58  5 

46.3 

39.4 

67.3 

34.5 

29.4 

(62.9) 

(♦0.4) 

(34.4) 

60 

250 

38.7 

7.62 

6.49 

31.9 

2.62 

2.23 

(35.3) 

(5.12) 

(4.36) 

120 

125 

5.7 

1.92 

1.63 

1.9 

0.72 

0.61 

(3.8) 

(1.32) 

(1.1?) 

2  00 

74 

0.9 

1.02 

0.87 

0.2 

0.52 

0.44 

(0.6) 

(0.77) 

(0.66) 

*thjpl1cate  tubtaoplet  were  analysed,  wean  Is  In  parenthetet 
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Table  36.  Sieve  particle  Sl*e  analysis  of  a  sedlmen*  sample*  from  St.  Paul 


9arge  Terminal. 


Sieve 

Po>  slie 

Mass  retained 

Mass  passing 

Amount  passing 

nuefcer 

(m«) 

(9) 

(9) 

(t) 

10 

2,000 

0  0 

63.9 

100 

0.0 

63.9 

100 

(0.0) 

(63.9) 

(100) 

18 

1.000 

0.0 

63.9 

100 

0.0 

63.9 

100 

(0.0) 

(63.9) 

(100) 

35 

500 

0.2 

63.7 

99.7 

0.3 

63.6 

99.5 

(0.3) 

(63.7) 

(99.6) 

<•0 

250 

0.5 

63.2 

96.9 

0.6 

63.0 

96.6 

(0.6) 

(63.1) 

(98.8) 

120 

125 

12.6 

50.6 

79.2 

13.0 

50.0 

78.2 

{12.#) 

(50.3) 

(78.7) 

200 

74 

25.4 

25.2 

39.4 

25.1 

24.9 

39.0 

(25.3) 

(25.1) 

(39.?) 

*Oupl<cate  subsamples  were  analyied,  mean  is  In  parentheses 


T 

4-  Tafcle  37.  Sieve  particle  slae  analysis  of  a  sedlaent  sample4  fro«  Truedale 


Slow  9ft 


Sieve 

nuntoer 

Pore  sl*e 
(•*•) 

Hass  retained 

(9) 

Hass  passln9 

(9) 

Amount  passing 

(t) 

10 

2,000 

4.42 

114.74 

96.29 

4.42 

114.74 

96.29 

(4.4?) 

(114.74) 

(96.29) 

18 

1,000 

14.4 

100.34 

84.21 

12.4 

102.34 

85. 8« 

(13.4) 

(101.34) 

(85.05) 

35 

500 

36.4 

63.94 

53.66 

31.5 

70.84 

59.46 

(34.0) 

(67.39) 

(56.56) 

60 

250 

59.9 

4.04 

3.39 

66.1 

4.74 

3.98 

(63.0) 

(4.39) 

(3.69) 

120 

125 

3.00 

1.04 

0.87 

3.70 

1.04 

0.87 

(3.35) 

(1.04) 

(0.07) 

200 

74 

0.10 

0.94 

0.79 

0.20 

0.84 

0.70 

(0.15) 

(0.89) 

(0.75) 

•Duplicate  subsamples  were  anal/aed;  mean  Is  In  parentheses. 


I 


4 
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Table  33.  Sieve  particle  life  analysis  of  a  sediment  sample4  from 
Red  Win*  fonanerclal  Martx>r 


Sieve 

Rore  slie 

“ass  retained 

Hass  passing 

Amount  passing 

fUfftHT 

(m) 

(9) 

(9) 

(X) 

10 

2.000 

0 

47.67 

100 

0 

47.67 

100 

(0) 

(47.67) 

(100) 

13 

1.000 

0 

47.67 

100 

0 

47.67 

100 

(0) 

(47.67) 

(100, 

3S 

soo 

0.10 

47.57 

99.79 

0.10 

47.57 

99.74 

(0.10) 

(47.57) 

(99.79) 

60 

260 

0.20 

47.37 

99.37 

0.20 

47.37 

99.37 

(0.20) 

(47.37) 

(99. V) 

120 

12S 

1.20 

46.17 

96.35 

1.20 

46.17 

96.35 

(1.2^) 

(46.17) 

(96.35) 

200 

74 

0.90 

45.27 

94.97 

0.90 

45.27 

94.9? 

(0.90) 

(45.27) 

(94.97) 

*0upl1cate  sjbsamp’es  were  analyied,  mean  Is  In  parentheses 
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* 

4*  table  38.  Sieve  particle  slie  analysis  of  a  sedtwent  sample*  Iron  West 

Newton. 


Sieve 

Pore  slie 

Hass  retained 

Hass  pasting 

taotjnt  passing 

nunber 

(v«) 

(9) 

(9) 

(t) 

10 

2,000 

15.0 

115.2 

98.7 

15.0 

114.9 

88.5 

(15.0) 

(115.1) 

(88.6) 

18 

1,000 

21.6 

92.6 

72.1 

10.0 

104.0 

80. B 

(15.8) 

(99.3) 

(94.8) 

3$ 

500 

55.9 

37.7 

29.0 

47.2 

57.7 

44.4 

(51.6) 

(47.7) 

(36.7) 

60 

250 

37.2 

0.50 

0.39 

54.8 

2.90 

2.23 

(46.0) 

(1.70) 

(1.31) 

120 

125 

0.40 

0.10 

0.08 

2.70 

0.20 

0.15 

(1.55) 

(0.15) 

(0.12) 

200 

n 

0.10 

0.0 

0.0 

0.20 

0.0 

0.0 

(0.15) 

(0.0) 

(0.0) 

•Ouplleate  subsaoples  were  analysed,  mean  It  In  parentheses. 

I 

0 
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Table  40. 

Sieve  particle  site  analysis  of 

a  sediment  sample 

•  from 

Sooerf leld 

Island. 

Sieve 

Bore  slie 

Mass  reta*ned 

Mass  passing 

Amount  passing 

number 

(*■) 

(9) 

(9) 

(X) 

10 

2.000 

2.51 

124.9 

96.0 

2.51 

124.9 

96.0 

(2.M) 

(124.9) 

'98.0) 

IB 

1,000 

8.00 

116.9 

91.7 

5. BO 

119.1 

93.5 

(6.90) 

(118.0) 

(92.6) 

35 

500 

28.7 

88.2 

69.2 

22.6 

96.5 

75.7 

(25.7) 

(92.4) 

(72.5) 

60 

250 

69.0 

19.2 

15.1 

61.9 

34.6 

27.2 

(65.5) 

(26.9) 

(21.2) 

120 

125 

18.3 

0.91 

0.71 

23.4 

11.21 

8.80 

(20.9) 

(6.06) 

(4.76) 

200 

74 

0.60 

0.31 

0.24 

0.10 

10.41 

8.17 

(0.70) 

(5.36) 

(4.21) 

•Duplicate 

subsamples 

*er?  ana  tyred,  mean 

Is  In  parentheses. 

Table  41.  Sieve  particle  $1»e  analysis  of  a  sed*«en*  sample4  fro» 


Tab1e  4?.  Sieve  parMcle  size  analysis  of  a  sediment  sample4  from  Winona 


Small  Boat  Harbor. 


Steve 

Pore  size 

Hass  retained 

Hass  passing 

Amount,  massing 

nunber 

(»•) 

(9) 

(9) 

(1) 

10 

7,000 

0.0 

64.6 

100 

0.0 

64.6 

100 

(0.0) 

(64.6) 

(100) 

18 

1.000 

0.50 

64.1 

99.2 

0.70 

63.9 

98.9 

(0.60) 

(64.0) 

(99.1) 

35 

SOO 

3.80 

60.3 

93.3 

3.80 

60.1 

93.0 

(3.80) 

(60.2) 

(93.2) 

60 

ISO 

11.9 

48.4 

74.9 

12.4 

47.7 

73.8 

(12.2) 

(46.1) 

(74.4) 

120 

125 

19.8 

28.6 

44.3 

19.8 

27.9 

43.2 

(19.8) 

(28.3) 

(43.8) 

200 

74 

3.3 

25.3 

39.2 

2.9 

25.0 

38.7 

(3.1) 

(25.2) 

(39.0) 

^plicate  subsamples  *ere  analyzed,  mean  is  in  parentheses 


’able  43.  Sieve  particle  slae  analysis  of  a  sediment  sample4  from  Grey 


Cloud  Slough. 


Sieve 

8ore  slie 

Hass  retained 

Mass  passing 

Amount  passing 

number 

(*»*) 

(9) 

(9> 

(t) 

10 

2,000 

0.0 

114.8 

100 

0.0 

114.8 

100 

(0.0) 

(114.8) 

(100) 

18 

1.000 

21.4 

93.4 

81.4 

15.9 

98.9 

86. 1 

(18.7) 

(96.2) 

(83.8) 

35 

soo 

49.o 

43.8 

38.2 

49.2 

49.7 

43.3 

(49.4) 

(46.8) 

(40.8) 

80 

250 

39.5 

4.3 

3.75 

44.9 

4.8 

4.18 

(42.1) 

(4.6) 

(3.9’) 

120 

125 

1.3 

3.0 

2.61 

1.6 

3.2 

2.79 

(1.5) 

(3.1) 

(2.70) 

200 

74 

0.0 

3.0 

2.61 

0.0 

3.2 

2.79 

(0.0) 

(3.1) 

(2.70) 

♦Duplicate  subsamples  were  analyied,  mean  Is  In  parentheses 


1 


73 


Table  44 

.  Sieve  particle  si/e  analysis  of 

below  Cudahy. 

a  sediment  sample*  #row 

Sieve 

Pore  si/e 

Mass  retained 

Mass  passing 

Aewun*  passing 

rH^er 

(*■) 

(9) 

(9) 

(X) 

10 

2.000 

0.0 

114.6 

100 

0.0 

114.6 

100 

(0.0) 

(114.6) 

(100) 

18 

1,000 

17.2 

97.4 

85.0 

24.6 

90.0 

78.5 

(?0.9) 

(93.7) 

(81.8) 

36 

soo 

47.6 

49.8 

43.5 

4b. 2 

43.8 

>8.2 

(46.9) 

(46.8) 

(40.9) 

60 

250 

29.8 

20.0 

17.5 

32.1 

11.7 

10.2 

(31.0) 

(15.9) 

(13.9) 

120 

125 

4.2 

15.8 

13.8 

4.8 

6.9 

6.0 

(9.S) 

(11.4) 

(9.9) 

?00 

74 

2.7 

13.1 

11.4 

3.1 

3.8 

3.3 

(2.9) 

(8.5) 

(7.4) 

♦Duplicate  subsanples  were  analyzed,  near  s  1"  parenthe  «*s. 


able  45.  Particle  size  characterization  of  a  sediment 


Pead  s  landing 


Soil  type 

Particle  size 

(pm) 

Amount 

(D 

Send 

Coarse 

2,000-4,750 

2 

2 

(?) 

Med ’u* 

425.?, 000 

69 

77 

(73) 

F  ‘ne 

74-425 

28 

21 

(?*) 

snt 

5-74 

0 

0 

(0) 

Clay 

1-5 

0 

0 

(0) 

Colloid 

<  1 

1 

1 

(1) 

•Duplicate  sobsemp'es  were  analyzed,  mean  *i  »n  parentheses. 
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Tab'e  4n  Parf  elf  %  It  charac'er-jaMon  of  a  *«d1«en*  »a«pl<*4  frm 


St.  *»a«1  largp 

T*rsi1  nil . 

FarMcl* 

Amount 

Soil  typ* 

i»«) 

(D 

Sand 

Coarsr 

2. 000-4. 750 

0 

0 

(0) 

425-2,000 

l 

l 

(1) 

F  Ino 

74  425 

60 

60 

(60) 

SUt 

5-74 

24 

22 

(23) 

C^y 

1-5 

8 

0 

(*) 

Colloid 

<  l 

10 

9 

(10) 

^jpllcate  subiawplf*  w**r»  aralyiod,  noan  l*  In  par»ntb«PV 
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table  4fl.  Particle  site  charactertiation  of  a  sediment  sample*  fro* 


OH  Ming  Co 

•ooerclal  Harbor. 

Particle  slie 

Amount 

Soil  typo 

(w«) 

tv 

Sand 

Coarse 

2, 000-4, 750 

0 

0 

(0) 

Hed'um 

425-2,000 

©  ©  © 

f  Ine 

74-425 

5 

5 

(V 

Silt 

5-74 

47 

45 

(45) 

Clay 

1-5 

31 

32 

(32) 

Colloid 

<1 

17 

1(1 

(18) 

•Duplicate  tiibMnpUi  were  analyzed,  mean  Is  In  parentheses. 


V 
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Table  49.  Particle  slie  character! ration  of  a  sediment  sample*  from  Most 


Mew* on. 


Soil  typo 

Particle  site 
<M«) 

Amount 

ft) 

Sand 

Coarse 

2. 000.4, 7  so 

11 

1? 

(\2) 

Medium 

4?5-2,000 

6* 

56 

(6?) 

F 1  no 

74-4?5 

?! 

3? 

(27) 

lit 

S-  74 

0 

0 

(0) 

Clay 

1-5 

0 

0 

(0) 

Colloid 

<  1 

0 

0 

(0) 

•Duplicate  tubsamples  were  analyied,  mean  Is  In  parentheses. 
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Table  SO.  Particle  size  characterization  nf  a 

sediment  sample* 

Somerf leld 

Island. 

Soil  type 

Particle  size 
(wm) 

Amount 

(t) 

Send 

Coarse 

2,000-4, 7S0 

2 

2 

(2) 

Medium 

425-2,000 

38 

31 

(35) 

Fine 

74-425 

50 

57 

(54) 

Silt 

5-74 

0 

0 

(0) 

Clay 

1-5 

0 

0 

(0) 

Colloid 

<  1 

0 

0 

(0) 

*t>upl1cate  sobsamples 

were  analyzed,  mean  Is  In 

parentheses. 

’eble  SI.  Pertlcle  »1ie  cherecterlietlon  of  e  tedlaeet  temple*  »n>m 


Itlend  S€. 


Sell  type 

Pertlcle  *l/e 
(m«) 

Anount 

*1) 

Send 

Coerte 

2.000-4.7SO 

0 

0 

(0) 

Medium 

42S-2.000 

73 

67 

(?0) 

Fine 

74.42S 

27 

33 

(10) 

Silt 

5-74 

0 

0 

(0) 

Cley 

1-S 

0 

0 

(0) 

Colloid 

<  I 

1 

1 

(!) 

*0vp11c«te  tubtemplet  utrt  enelyrrd,  meen  1»  In  perenthetet 
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t*b1e  52.  Article  tl*e  choroctorintion  of  •  tedmont  tomple*  fro* 
tflnofl*  VmM  loot  Horbor. 


Soil  typo 

Pcrtlclo  tlio 
(*«) 

Amount 

(») 

Sond 

Coortf 

2,000-4, 750 

0 

0 

(0) 

Hodlu* 

425-2,000 

10 

11 

(11) 

f  loo 

74-425 

51 

50 

(51) 

Silt 

5-74 

23 

25 

(2«) 

Cloy 

1*5 

12 

9 

(ID 

Colloid 

<  1 

3 

3 

(3) 

•Oupllco**  «ub$onpl«t  w*rt  *n«lyted,  «r«n  It  In  p«rcnth#S«t 


*  * 


► 


1 


8? 

Table  S3.  Particle  tli(  rharacterl jation  of  a  sediment  tempt ea  from  Grey 
Cloud  Slough. 


Soil  type 

Particle  slie 
(mm) 

Amount 

(*) 

Sand 

Coarse 

2,000-4, 7  so 

0 

0 

(0) 

Medio* 

425-2.000 

72 

69 

<M) 

F  Ine 

74-425 

25 

28 

(27) 

Silt 

5-74 

0 

0 

(0) 

Clay 

1-5 

0 

0 

(0) 

Colloid 

<  1 

2 

2 

(2) 

•Duplicate  tub samp let  wore  analysed,  soar  is  in  parentheses. 


t 
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Table  $4.  Particle  sue  character! xaMon  of  a  sediment  sample4  from  8e low 
rudahy. 


Soil  type 

Particle  siie 
(v*) 

Amount 

(I) 

SaM 

Coarse 

2,000-4,7*0 

0 

0 

(0) 

"edit* 

42S-2.000 

6S 

71 

(«?) 

fine 

74-42* 

24 

26 

(?*) 

Silt 

S-M 

s 

s 

(S) 

Clay 

1-S 

4 

4 

(4) 

Colloid 

<  t 

2 

2 

(?) 

•Oupllcate  subsaoples  were  analyzed,  mean  It  In  parentheses 
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Table  55.  Quantitative  characterliatlon  of  reconstituted  water  which  was 
used  for  preparation  of  particulate  end  elutlate  phases. 


Characteristic 

Units 

Concentration 

Volatile  solids* 

1 

<0.10 

<0.10 

(<0.10) 

pH 

6.29 

8.23 

(8.26) 

COO 

■9/1 

<10 

<10 

(<10) 

BOO 

•f/l 

<0.10 

<0.10 

(<0.10) 

Total  phosphate 

"9/1 

AAA 

opo 

o  o  o 

Ortho  phosphate 

■9/1 

<0.10 

<0.10 

(<0.10) 

Annonla  N 

"9/1 

<0.05 

<0.05 

(<0.05) 

Nl'rlte  N 

"9/1 

<0.002 
<0.002 
( <0.002) 

Nitrate  N 

■l/L 

<0.02 
<0.02 
( <0.02) 

Oil  and  Crease 

■9/L 

<5.0 

<5.0 

(<S.0) 

Chrowluw 

m%/l 

<0.005 

<0.005 

(<0.00$) 

r. 


(«ore) 


Table  SS.  (cont'd) 


IS 


Characteristic 

Units 

Concentrat Ion 

Copper 

•9/1 

<o.oos 

<o.oos 

(co.oos) 

lead 

•9 /l 

<o.oos 

<o.oos 

(<O.OOS) 

/Inc 

•9  /l 

<0.001 

<o.oo; 

(<0.001) 

Iron 

«g'l 

<0.010 

<0.010 

{<0.010) 

Nickel 

*9/1 

<0.010 

<0.010 

(<0.010) 

Mercury 

•9/1 

<0.001 
<0.001 
(<0.001 ) 

Cadmium 

u9/l 

<o.so 

<o.so 

(<0.S0) 

OCB  as  Aroclor  1?S4 

k.q/1 

<o.?o 

<0.?0 

(<0.?0) 

000 

i*9/l 

<o.os 

<o.os 

(<0.0S) 

OOC 

i*9/l 

<o.os 

<o.os 

(<0.0S) 

001 

t«9/l 

<0.10 

<0.10 

(<0.10) 

(•ore) 


Characteristic 


Units 


Conr  *  rat  Ion 


tndrln 

wg/l 

<0.0S 

<0.05 

(<0.0$) 

Dleldrln 

i»g/t 

<0.05 
<0.05 
( <0.0$) 

Chlordane 

ug/L 

<0.10 

<0.10 

(<0.10) 

♦Duplicate  subsaoples  were  anelyted,  mean  Is  In  parentheses. 
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$6.  Quantitative  charai.  terwat  Ion  of  three  phases  of  a  sediavn* 
sa-nple*  from  Reed  s  landing. 


Characteristic 
and  units 

Solid 

Suspended 
part ieulate 

Llrtutd 

Volatile  solids  (1) 

0.35 

6.77 

17.8 

0.74 

10.7 

47.1 

(0.50) 

(8.<0) 

(J?.6) 

p« 

7.68 

8.04 

8.56 

7.77 

7,84 

R.  15 

(7.73) 

(7  94) 

(8.36) 

«adi 

«s/i 

’S/J- 

COO 

560 

87.5 

106 

493 

76.0 

104 

(«7) 

(79.3) 

(106 

8T) 

39.7 

11.0 

5.00 

56.1 

7.3 

19.5 

'47.9) 

(6.7) 

(17.3) 

ToU1  phosphate 

678 

•  «  « 

0.70 

666 

•  •  * 

0.73 

(677) 

... 

(0.7? } 

Ortho  phosphite 

10.0 

0.60 

<0.10 

10.0 

0.80 

<0.10 

(10.0) 

(0.70) 

(<0.\0) 

Kmnr*t  N 

<0.50 

<0.050 

0.078 

<0.50 

<0.050 

0.0/0 

(<0.50) 

( <0.050) 

(0.0/4) 

Nitrite  H 

0.030 

0.007 

0.007 

0.030 

0.006 

0.007 

(0.030) 

(0.006) 

(0.007) 

Nitrite  N 

C.595 

0.140 

0.770 

0.630 

0.175 

0.378 

(0.613) 

(0.156) 

(0.799) 

OH  and  orease 

700 

71.0 

<5.00 

170 

37.0 

<5.00 

d®M 

(26.5) 

<5.00 

Chromium 

16.0 

0.714 

<0.00* 

13.0 

0.714 

<0.00* 

C.4.5) 

(0.714) 

(<0.006 ) 
(more) 

’»b1*  H.  (conti) 
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Cberectertstte 
end  units 

Solti 

Suspended 
pert  tewUte 

t'quMS 

Copper 

).«* 

0.07? 

<0.005 

1.6? 

0.07? 

<0.005 

(1.6?) 

(0.07?) 

(<0.005 } 

Le*<? 

3.44 

0.01? 

<0.005 

1 .69 

<0.005 

<0.005 

(?.5«> 

(<0.0091 

(<0.005) 

ISnc 

57.0 

<0.001 

<0.001 

39.0 

<0.001 

<0.001 

^46.) 

(<0.001) 

(<0.001) 

I  roe 

9,3?0 

95 .0 

<0.010 

11,3?0 

IM 

<0.010 

(10.3?0) 

(1*1) 

(<0.010) 

•Me**’ 

1?.5 

<0.010 

<0.010 

13.0 

<0.010 

<0.010 

(i?.») 

(<0.010) 

(<0.010) 

“ercury 

<0.010 

<0.001 

<0.001 

<0.010 

<0.001 

<0.001 

(<0.010) 

(<0.00! ) 

(<0.f>01) 

n±'l 

f  *dn<u-» 

715 

43.3 

1R.3 

’94 

25.7 

1.45 

(?56) 

(>4.5) 

(9.8B) 

PCB  il  Aroclor  1?54 

<1.00 

...b 

<0.?0 

<1.00 

<o.?o 

(<1.00) 

(<0.?0) 

DC*0 

<0.?C 

•  »  • 

<0.05 

<0.?0 

... 

<0.05 

(<0.?0) 

— 

(<0.0*' 

noc 

<0.?0 

<0.05 

<0.?0 

*•- 

(<Q.O* 

(<0.?0) 

••• 

(<0.05 

r—— 
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Characteristic 
and  units 


Sol  td 


Suspended 
part.  Iculate 


‘Duplicate  subsanp!es  were  analyzed,  i»ean  Is  in  parenteses. 
'V*lhodoloqy  not  available  for  this  sample  natrix. 
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Tible  57.  JuintlU'lve  Chirscter  Hit  Ion  of  three  phases  of  i  sediment 
Simple*  fro*  St.  Piul  Birge  Termini). 


i 


Characteristic 
jrtd  units 

Solid 

Suspended 
pirt  tculite 

Liquid 

Volatile  soldids  (1) 

3.96 

14.7 

18.0 

2.76 

12.7 

29.5 

(3.36) 

(13.7) 

(23.*) 

P« 

7.39 

7.72 

8.32 

7.43 

7.49 

8.04 

(7.91) 

(7.61) 

(8.18) 

*9/1 

cno 

21,400 

580 

344 

15,300 

37b 

351 

(18,400) 

(978) 

(3481 

BOO 

912 

41.0 

14.0 

1,060 

13.0 

18.0 

(986) 

(27.0) 

(16.0) 

Totil  Phosphite 

1.750 

... 

0.28 

1.780 

•  - - 

0.33 

(1.770) 

— 

(0.31) 

Ortho  Phosphite 

48.8 

0.30 

<0.10 

47.5 

0.40 

<0.10 

(98.2) 

(0.35) 

(<0.10) 

munli  N 

30.0 

8.20 

6.07 

30.0 

8.40 

6.26 

(30.0) 

(8.30) 

(6.17) 

Nitrite  S 

0.070 

0.020 

0.011 

0.070 

0.021 

0.012 

(0.070) 

(0.021) 

(0.012) 

Nitrite  N 

0.655 

0.156 

0.127 

0.440 

0.191 

0.23* 

(0.548) 

(0.174) 

(0.182) 

Oil  ind  Creise 

490 

33.0 

<5.00 

630 

11.0 

<5.00 

(560) 

(22.0) 

( <5.00) 

<0.005 

0.00b 

(<0.00?) 


I 


Chromium 


38.3 

38.7 

(38.5) 


2.28 
2.2  4 
(2.2%) 


(wore) 


Uble  57.  (eonl’d) 


Cherecterlitlc 

4nd  until 

Solid 

Suspended 
pert  tculete 

liquid 

Copper 

8.  AO 

0.76 

<0.006 

A. AO 

0.82 

<0.00* 

(8. AO) 

(0.79) 

{ <0.006) 

l#4d 

17.6 

1.12 

<0.006 

21.5 

l.M 

<0.006 

(19.5) 

(1.10) 

{ <0.006) 

/Inc 

194 

8.28 

1.78 

210 

10.6 

1.06 

(202) 

(9.44) 

(1.43) 

Iron 

12.700 

69* 

<0.010 

16,300 

1,260 

<0.010 

( 14,600) 

(1.060) 

(<0.0|0) 

Nickel 

21.6 

1.42 

<0.010 

23.2 

1.30 

<0.010 

(2?-4) 

(1.36) 

( <0.010) 

Mercury 

<0.010 

0.002 

<0.001 

<0.010 

0.002 

<0.001 

(<0.010) 

(0.002) 

(<0.001) 

"SIS 

-S'k 

“S IS. 

C  4  (Ml  u« 

666 

S7.3 

11.7 

632 

43.6 

76.9 

(’«) 

(50. S) 

(4<-3) 

PCI  41  Aroclor  1?S4 

17.4 

...b 

<0.20 

14.) 

<0.20 

(15.9) 

(<0.20) 

000 

1.46 

<0.06 

1.37 

<0.06 

(1.63) 

(<0.0S) 

DDf 

<0.20 

<0.06 

<0.20 

<0.06 

(<0.20) 

( <0 .06 ) 

DOT 

O.SA 

<0.10 

2.78 

<0.10 

(1.68' 

(<0.10) 

(wore) 

fable  6 7.  (cont'd) 


*2 


Characteristic 
and  units 

Solid 

Suspended 

particulate 

Liquid 

[ndrln 

0.20 

0.06 

0.20 

-  .  . 

0.06 

(0.20) 

— 

(0.06) 

Oleldrln 

0.64 

m  mm 

1.06 

0.67 

•  mm 

0.36 

(0.66) 

— 

(0.72) 

Chlordane 

3 .26 

mm  m 

<0.10 

2.60 

... 

<0.10 

(3.06) 

— 

(<0.!0) 

‘Duplicate  subsaoples  were  amlyjed,  «ean  Is  In  parenteses. 
k»V  hodology  not  available  for  this  sample  natrti. 


*3 


Tjble  SS.  QuertitetWe  ch* rjt  ter  wit  Ion  of  three  pluses  of  t  sedieen* 
Jj'flple*  from  Iroedile  Slouch 


Ouricterislic 
<rvt  units 

Solid 

Suspended 
pert  tculite 

litjvid 

Volatile  solids  ft) 

0.17 

14.8 

2°.  1 

O.OS 

21.1 

2S.6 

(0.11) 

(19.0) 

(27.4) 

P« 

b.  16 

8.20 

8.27 

8.16 

8.26 

8.14 

(8  Af) 

78.23) 

(8.21) 

-ID 

S& 

COO 

1,090 

13S 

4«.f> 

1S8 

88.2 

SO.  7 

(424) 

(112) 

(4.1.7) 

eoo 

18. 8 

3.20 

1.80 

19.1 

3.00 

S.40 

(19.0) 

(3.10) 

(l.fO) 

otj!  PtiOs.nhete 

S21 

•  •  • 

0.2S 

SOI 

m  m  m 

0.2S 

(SID 

... 

(0.2S) 

Orthe  Phosphate 

?0.0 

1.10 

<0.10 

?2.s 

... 

<0.10 

(21.3) 

(1.10) 

(<0.10) 

A-**  nil  H 

<u.so 

<Q.0S0 

<o.oso 

<O.SO 

<0.0S0 

<o.oso 

(<0.S0) 

(<0.0S0) 

(<O.OSO) 

Nitrite  H 

<0.010 

<0.002 

<0.00? 

<0.010 

<0.002 

<0.002 

( <0.010) 

( <0.002) 

(<0.0*12) 

Nitrite  N 

1.2S 

0.44 

0.49 

1.3S 

0.33 

0.43 

(1.30) 

(0.39) 

(0.4*  ) 

Oil  ind  C»re« se 

300 

8.0 

0.40 

HO 

7.1 

1.20 

(470) 

(7.4) 

(0.80) 

Chrrwi<jM 

2S.6 

0.24 

O.Q0U 

28.0 

0.18 

<0.00* 

(26.8) 

(0.21) 

(<0.00’) 

(•ore) 


*4 


Tehle  *8.  (cont  'd) 


Chnrectertit 1c 
nnd  unlit 

Solid 

Suspended 
pert iculete 

liquid 

Copper 

2.12 

0.012 

<0.005 

2.20 

0.008 

<0.005 

(2.14) 

(0.010) 

(<0.005) 

lend 

2.44 

<0.005 

<0.005 

4.14 

<0.005 

<0.005 

(3.40) 

(<0.005 ) 

( <0.005) 

Zinc 

4.40 

0.82 

0.57 

24.4 

1.96 

0.47 

(14.4) 

(1.00) 

(0.52) 

Iron 

8.184 

84.? 

<0.010 

7,534 

46.7 

<0.010 

(2.859) 

(85.5) 

(<0.010) 

Nickel 

13.3 

1.38 

0.018 

15.3 

0.066 

<0.010 

(14.3) 

(0.73) 

( <0.0141 

Mercury 

<0.010 

<0.001 

<0.001 

<0.010 

<0.00* 

<0.001 

(<0.010) 

(<o.ooi) 

(<0.OO1) 

"SZS 

>1A 

“l- 1 

Cedatuw 

1,240 

44.2 

28  2 

780 

73.2 

18.8 

(1.010) 

58.7) 

(24.0) 

KB  41  Aroclor  1  ?S4 

1.24 

...t> 

<8.20 

<1.00 

•  •  - 

<0.20 

( <  1  •  1 3 ) 

... 

( <0 . 20 ) 

000 

<0.20 

... 

<0.05 

<0.20 

... 

<0.05 

( <0 . 20 ) 

... 

(<0.05) 

oot 

<0.20 

... 

<0.05 

<0.20 

... 

<0.05 

<0.20 

— 

<0.05 

001 

<0.40 

... 

<0.10 

<0.40 

... 

<0.10 

( <0.40) 

(<0.10) 

(•Ore) 

9S 


T*ble  S«,  (cont'd) 


Chjricttr Isttc 
jnd  units 

Solid 

Suspended 
pjrt Icwlite 

Liquid 

Indrln 

<0.20 

<0.0S 

<0.20 

-  -  - 

<0.0S 

(<0.20) 

— 

(<O.OS) 

Oleldrln 

<0.20 

•  •  • 

0.91 

<0.20 

... 

0.46 

( <0.20) 

— 

(0.69) 

Chlordine 

<0.40 

(<0.10) 

<0.40 

... 

(<0.10) 

(0.40) 

(<0.10) 

4  ^plicate  subs**pies  utrt  injlyied,  ne<n  fs  In  p^renteses. 
Hrthodoloqy  not  jvjllible  for  this  s«*p1e  tutrix. 
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Tatle  59.  >iantftat1»e  characterl/at ton  of  three  phases  of  a  sediment 
sample4  from  R«]  Wing  Coataerclal  Mart>or. 


I 


Characteristic 
and  units 

Sol  Id 

Suspended 
part  tculate 

L  t  <ju 1 d 

Volatile  solids  (1) 

8. IP 

13.1 

18.6 

7.83 

1?.8 

19.9 

(8.01) 

03.0) 

(19.3) 

PH 

7.45 

7.3? 

8.06 

7.45 

7.50 

7.89 

(7.45) 

(7.41) 

(7.98) 

JS/S 

mg/L 

. 

COO 

32,800 

3.160 

1?1 

37,500 

3,190 

111 

( 35 , ?oo ; 

(3.180) 

(116) 

doo 

90? 

90.4 

16.6 

961 

96.0 

?.  46 

(93?) 

(93.?) 

( J.83) 

Total  Phosphate 

3.170 

•  •  • 

0.41 

3.100 

•  -  • 

0.43 

(3.140) 

... 

(0.4?) 

rtho  Phosphate 

57.5 

1.60 

<0.10 

55.0 

1.50 

<0.10 

(96.3) 

(1.95) 

( <0. 10) 

Ammonia  N 

710 

1?.? 

7.5? 

686 

13.5 

7.10 

(698) 

( 1?.9) 

(7.31) 

Nitrite  N 

0.080 

0.04? 

0.0?0 

0.060 

0.041 

0.0?0 

(0.080' 

(0.04?) 

(0.0?0) 

Nitrate  N 

0.33 

0.060 

0.11 

0.4? 

0.11 

0.084 

(0.38) 

(0.095) 

(0.097) 

Oil  and  Grease 

850 

?0.0 

?.00 

?10 

»9.0 

?.80 

(930) 

(19.5) 

(?.40) 

Chromium 

88.7 

1.59 

<0.005 

30.7 

1.65 

<0.005 

(84.7; 

(1.6?) 

(<0.005) 

(wore) 
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Table  59.  (cont’d) 


Characteristic 
and  units 

Solid 

Suspended 
part  tculatr 

1 iijiitd 

Cocker 

10.2 

0.91 

<0.005 

17.4 

0.81 

<0.005 

(17.0) 

(0.86) 

( <0.005) 

Lead 

7.60 

0.40 

<0.005 

8.40 

0.36 

<0.005 

(8.06) 

(0.36 

( <0.005 ) 

Zinc 

242 

7.90 

<0.001 

190 

8.30 

<0.001 

(216) 

(6.10) 

( <0.001 ) 

Iron 

24,500 

991 

<u.nm 

21,500 

1,100 

<0.010 

(2 2,900; 

(1.050) 

(<0.010) 

Nickel 

53.0 

1.S1 

<0.010 

61.8 

1.71 

<0.010 

(57.4) 

(1.76) 

{<0.010; 

Mercury 

0.040 

0.005 

<0.001 

0.050 

0.003 

<0.00» 

(0.035) 

(0.004) 

(<0.00l ) 

n_3lX 

ut/L 

jg n 

Cadmium 

4,410 

204 

12.5 

4,040 

193 

15.6 

(4.230) 

(199 

(14.1) 

8CB  as  Aroclor  1254 

52.5 

...t 

<0.20 

67.0 

... 

<0.20 

(59.0) 

... 

( <0 . 20 ) 

000 

7.25 

mm  m 

<0.05 

3.30 

<0.05 

(5.20) 

— 

(<0.05) 

OOf 

0.24 

,  _  . 

<0.05 

0.32 

<0.05 

(0.201 

— 

(0.05) 

00T 

0.53 

•  •  • 

<0.10 

0.50 

... 

<0.10 

(0.56) 

— 

(0.10) 

(more ) 

*8 


T*ble  S9.  (cont'd) 


Cbtrtcteri st ic 
end  units 

Solid 

Suspended 

ptrticultte 

Liquid 

Indrin 

0.21 

<0.06 

0.26 

... 

<0.06 

(0.24) 

— 

(<0.05) 

Oieldrin 

0.92 

mmm 

0.72 

0.92 

m-mm 

0.20 

(0.92) 

— 

(0.46) 

f hlordtne 

7.06 

<0.10 

7.14 

... 

<0.10 

(7.10) 

(<0.10) 

'Duplicate  substaples  were  tntlyred,  «etn  Is  in  ptrenteses. 
^thodoloqy  not  tvtiltble  for  tbit  staple  attrix. 


Table  60.  Quantitative 
sample4  frua 

characterliatlon 
#est  Hewton. 

of  three  phases  of  a  sedment 

Characterl stlc 

Solid 

Suspended  Liquid 

and  units  particulate 


Volatile  solids  I 

0.44 

8.96 

19.3 

0.56 

10.3 

16.1 

(0.50) 

(9.63) 

(17.7) 

pH 

7.95 

8.19 

6.33 

7.84 

8.19 

B.  33 

(7.90) 

(8.19) 

(8.33 

U&JJ 

■s/i 

«SA 

COO 

38 1 

65.1 

%.l 

1,840 

74.6 

101 

(1.110) 

(69.9) 

(99.6) 

BOO 

43.4 

32.0 

23.2 

41.8 

34.8 

24.2 

(42.6) 

(33.4) 

(23.7) 

Total  Phosphate 

597 

... 

0.12 

58  i 

... 

0.14 

(589) 

— 

(0.14) 

Ortho  Phosphate 

15.0 

0.85 

0.14 

15.5 

0.72 

0.13 

(IS. 3) 

(0. 79) 

<u  14) 

Aavnonia  N 

<0.50 

<0.05 

<0.05 

<0.50 

<0.05 

<0.06 

( <0.50) 

<0.05 

<0.05 

Hltrlte  N 

<0.010 

<0.002 

<0.002 

0.010 

<0.002 

<0.00? 

( <0.010) 

<0.002 

(<0.00?) 

ri  trate  N 

0.70 

0.147 

0.21 

0.64 

0.140 

0.21 

(0.67) 

(0.144) 

(0.21) 

Oil  and  Create 

2,510 

214 

42.6 

1,7*0 

21? 

171 

(2.130) 

(213) 

(107) 

Chroailtan 

20.1 

0.30 

<0.005 

36.5 

0.12 

<0.005 

(28.3) 

(0.21) 

( <0.005) 

(•ore ) 


•00 


e  60-  (cont ' 6 ) 


Ch4f4Cter 1 st  K 
«nd  units 

Sol  itf 

*•  de 

p#rt  C-*4tf 

l.,u 

Cortw 

f  .64 

<0.0^5 

<o.>xr 

8.24 

0  .OOf 

.<K" 

(7.44) 

(<0.  *>7) 

-  .0C‘ 

e*«J 

3.  76 

<I).<X‘ 

3.86 

0.02.' 

<’  .  iU6 

(3.82) 

(<0.0  4 

<!>.*** 

I  me 

PB.ft 

<0.001 

<0.001 

45.8 

<•.<*. 

(3’. 3 

( <0.001 ) 

1 <c.0ul) 

Iron 

5.780 

12,100 

r.* 

(8.830) 

0.010 

Nickel 

22.9 

.094 

o.yi 

24.5 

0.tJ9t 

0.17/ 

(23.7) 

i0.0<>5) 

0  ,6 

Hercury 

<0.010 

<0.001 

4t:  .or . 

<0.010 

<0.001 

tu.oc. . 

(<0.0!0) 

<  .00 

2SIS 

-'ij- 

-SL 

CtCmi u* 

194 

17.8 

5-  .2 

1430 

3?  ? 

43. 

(81?) 

2  .4) 

(<  .0, 

PCB  as  «roc  1  or  1254 

<1.00 

___fc 

<0.?r 

<1.00 

<0.2 

(1.00) 

(<0. 

000 

<0.20 

<0 .0* 

<0.20 

<0.05 

{<0.20) 

{<0.0* 

m 

<0.20 

<0.9* 

<0.20 

- * 

<0.4K 

( <0 . 20 ) 

an* 

<0.40 

<0.10 

<0.40 

(  <0 . 40 ) 

(<0.;r 

T*b1e  60.  'cont’d) 
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Characteristic 
and  units 

Solid 

Suspended 

particulate 

liquid 

Endrin 

<0.20 

<0.05 

<0.20 

— 

<0.05 

( <0  20} 

•  -  - 

(<o.ns) 

Oieldrm 

<0.20 

<o.os 

<0.20 

<0.05 

( <0.20) 

(<0.05} 

Chlordane 

<0.40 

<0.10 

<0.40 

--  . 

<0.10 

( <0 . 40 } 

— 

(<0.10) 

a0up11C4te  subSMples  were  analyzed,  *ean  Is  In  parenteses. 
^thodoloyy  not  available  for  this  sample  aatrl*. 
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at \ e  61.  Quant  ttatl  t,e 

sample4  from 

characteriiat Ion  of 

Somerfteld  Island. 

three  phases  of 

a  sedmcnt 

Characterl st  »c 

Solid 

Suspended 

Liquid 

and  units 

part iculate 

Volatile  solids  .1) 

0.38 

14.7 

10.9 

0.32 

14.8 

14.6 

(0.35) 

(14.8) 

(12.8) 

pH 

8.18 

8.02 

8.19 

8.12 

7. 95 

8.17 

(8.15) 

(7.99) 

(8.13) 

12/3. 

mg/L 

"S/k 

COO 

1.240 

192 

157 

1,090 

171 

151 

( 3 .1  TO) 

(182) 

(154) 

R00 

46.0 

29.1 

19.7 

48.4 

34.0 

22.0 

(48.2) 

(31.6) 

(20.9) 

Total  phosphate 

697 

•  •  « 

0.13 

671 

0.14 

(684) 

— 

(0.14) 

Ortho  phosphate 

18.5 

0.75 

<0.10 

20.0 

0.80 

'C.  10 

(19.3) 

(0.78) 

(<0.10) 

Annonla  N 

<0.50 

0.079 

0.10 

<0.50 

0.091 

0.10 

(<0.50) 

(0.085) 

(0.10) 

Nitrite  N 

<0.01 

0.004 

0.009 

<0.01 

0.004 

0.009 

(<0.0l) 

(0.004) 

(0.009) 

Nitrate  N 

0.37 

0.077 

0.10 

0.14 

0.079 

0.088 

(0.26) 

TO. 078) 

(0.094) 

Oil  and  grease 

153 

99.0 

53.8 

207 

54.0 

23.6 

(190, 

(76.5) 

(38.7) 

Chromium 

28.2 

0.21 

<0.005 

27.8 

0.13 

<0.305 

(28.0) 

(0.17) 

( <0.005) 

'«»jre) 


’able  61.  (cont'd) 
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Characteristic 
and  units 

Solid 

Suspended 
partlcui ate 

liquid 

Copper 

4.06 

<0.005 

<0.005 

4.68 

<0.005 

<0.005 

(4.48, 

(<0.005) 

( <0.005) 

Lead 

0.12 

<0.005 

<0.005 

0.12 

<0.005 

<0.005 

(0.12) 

( <0.005) 

(<0.005) 

Zinc 

80.4 

0.97 

1.08 

70.4 

2.52 

1.24 

(75.4) 

(1.75) 

(1.16) 

Iron 

12.800 

48.0 

<0.010 

15,400 

218 

<0.010 

(14.100) 

(133) 

(<0.010) 

Nickel 

20.6 

0.17 

<0.010 

24.6 

0.050 

<0.010 

(22.6) 

(0.11) 

<0.010) 

Hercury 

<0.010 

<0.001 

<0.001 

<0.010 

<0.001 

<0.001 

(<0.010) 

(<0.001) 

{<0.001) 

*a/i 

uj/l 

Cadmium 

1.370 

5.14 

15.2 

1.480 

81.1 

5.34 

(1.430) 

(43.1) 

(10-3) 

PCB  as  Aroclor  1254 

<1.00 

...b 

<0.20 

<1.00 

... 

<0.20 

(<1.00) 

— 

(<0.?0) 

000 

<0.20 

•  •  • 

<0.05 

<0.20 

... 

<0.05 

(<0.20) 

... 

{<0.05) 

oot 

<0.20 

—  . 

<0.05 

<0.20 

«... 

<0.05 

( <0.20) 

... 

(<0.05) 

DOT 

<0.40 

•  •  • 

<0.10 

<0.40 

... 

<0.10 

( <0 . 40 

(<0. 10) 

(more 
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Table  61.  (cont  d) 


Cherecterlstic 
end  units 

Sol  Id 

Suspended 

pertlculete 

Liquid 

£ndrin 

<0.30 

<0.05 

<0.30 

... 

<0.05 

( <0.30) 

— 

(<0.05) 

Dieldnn 

<0.30 

•  •  • 

<0.05 

<0.30 

... 

<0.05 

(<0.30) 

— 

(<0.05) 

Chlorden; 

<0.40 

'j.  10 

<0.40 

•  •  . 

<0.10 

(<0.40) 

— 

(<0.101 

*OupMcite  subsenples  were  enelyied,  aeen  \%  in  perenteses. 
^etbodoloqy  net  jviileble  for  this  settle  eetrl*. 


Table  *2.  .Juant  it  alive  character! /at  ion  of  three  jhases  of  a  sedi**n* 


sample1  free  I  si  and  58. 


Characteristic 
and  units 

Solid 

Suspended 

particulate 

iIquU 

Volatile  sol'ds  (l) 

0.66 

20.3 

22.9 

0.54 

20.1 

21.1 

(0.60) 

(20.2) 

(22.0) 

pH 

7.61 

7.51 

7.75 

7.71 

7.51 

7.60 

(7.66) 

(7.51 

(7.6b) 

"ft/C 

coo 

858 

94.5 

121 

802 

102 

123 

(a>o) 

98.3) 

(1??) 

•00 

60.5 

35.0 

16.9 

59.6 

34.4 

25.4 

(60.1) 

(34.7) 

(21.?) 

Total  phosphate 

661 

•  •  _ 

0.2* 

691 

... 

0.21 

(676) 

— 

(C.2j 

Ortho  phosphate 

lb. I 

0.27 

0.31* 

18.8 

0.20 

G.30 

(18.8, 

(0.24) 

(0.33) 

Anwon  1  a  *( 

<0.50 

0.082 

0.065 

<0.50 

0.084 

0.055 

( <0.50) 

(0.083) 

(0.062) 

nitrite  M 

0.014 

0.002 

0.004 

0.014 

0.002 

0.004 

(0.014) 

(0.002) 

(0.004) 

nitrate  n 

0.55 

0.16 

0.19 

0.49 

0.16 

0.21 

(0.52) 

(0.16) 

(0.20) 

Gil  and  grease 

2,190 

34’ 

7.70 

1,480 

379 

8.50 

(1.840) 

(363) 

13.10) 

‘hroeluai 

24.7 

0.11 

<0.005 

32.7 

0.054 

<0.005 

(28.7) 

(0.062) 

( <0.005) 

(more) 

r4b1t  6 2.  (cant ’4) 
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Characteristic 
and  units 

Solid 

Suspended 

particulate 

Liquid 

Coip«r 

5,06 

<0.005 

<0.005 

7.06 

<0.005 

<0.005 

{4.0*1 

(<0.005) 

(<0.005) 

Lead 

1.66 

<0.005 

<0.005 

4.52 

<0.005 

<0.005 

(3.09) 

( <0.005) 

( <0.005) 

Zinc 

59.6 

1.60 

0.76 

95.4 

0.98 

0.22 

(77. M 

(l.?9) 

(0.49) 

t  ron 

9.560 

34.0 

<0.010 

12,400 

104 

<0.010 

(11.000) 

(70.0) 

( <0.0101 

Mckel 

20.9 

0.074 

<0.010 

24.5 

0.28 

<0.010 

(?*.7) 

(0.18) 

(<0.010) 

"ercury 

<0.010 

<0.001 

<0.001 

<0.010 

<0.001 

<0.001 

(<0.010) 

(<0.001) 

(<0.001) 

?Sl2 

US/L 

"14 

C»4niu« 

82 7 

31.2 

<0.50 

1,070 

14.6 

2.58 

(949) 

(22.9) 

(<1 .54) 

Kt  as  *roclor  1254 

<1.00 

_..b 

<0.20 

<1.00 

... 

<0.20 

(0.00) 

— 

(<0.20) 

000 

<0.20 

... 

<0.05 

<0.20 

<0.05 

(<0.20) 

... 

(<0.05) 

oot 

<0.20 

... 

<0.05 

<0.20 

... 

<0.05 

(<0.20) 

... 

(<0.05) 

DOT 

<0.40 

... 

<0.10 

<0.40 

... 

<0.10 

( <0 . 40 ) 

... 

(<0.10) 

(•ore) 

table  6?.  (cont'd) 
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Characteristic 
and  unit* 

Solid 

Suspended 
part  tcutate 

L  i^u’d 

[ndrin 

<o.?o 

<0.05 

<0.20 

... 

<o.os 

(<0.?0) 

— 

(<o.ns> 

Oieldrln 

<0.20 

... 

<o.os 

<0.20 

•  *  - 

<o.os 

(<0.20* 

— 

(<0.0S) 

CMordane 

<0.40 

... 

<0.10 

<0.40 

... 

<0.10 

(<0.40} 

(<0.10) 

‘Duplicate  lubsaaples  »<ere 

anal /led 

.  near  Is  In  parenteses. 

^•Vthodoloiy  not  available 

for  this 

sample  natrli. 
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Tet>le  (3.  .Xientttet  t  ve  cherectert/et ion  of  three  >>he»es  of  e  $edi*e  t 
iwf  lt*  fro*  Htnone  Saull  8oet  Nerbo  . 


Cherecterist 1C 
4nd  units 

Solid 

Suspended 
pert Iculete 

l iqutd 

Voletile  solids 

(t)  2. 17 

1?.4 

24.8 

2. 07 

12.8 

29.7 

(2.12) 

(12.8) 

(27.3) 

pi* 

7. AS 

7.3S 

7.66 

7.46 

7.36 

7.61 

(7.44) 

(7.36) 

(7.64) 

a*/* 

«g/L 

cnti 

13. BOO 

197 

128 

14.100 

315 

129 

(14,000) 

(256) 

(1?9) 

8<X> 

714 

29.7 

27.8 

670 

34.4 

25.5 

(692) 

(32.1) 

(26.7) 

Tote!  husphete 

■ws 

... 

0.17 

1 .  ISO 

0.18 

(1.070) 

— 

(0.18) 

rtho  Pnosphete 

22.  S 

0.65 

0.16 

22.  S 

0.65 

U.  16 

(22. S) 

(0.65) 

(0.18) 

'-F*  nt  4  N 

8.40 

1.80 

1.S0 

9.00 

1.87 

1.58 

(8.70) 

(1.84) 

(1.84) 

Nitrite  H 

0.033 

0.020 

0.023 

0.033 

0.020 

0.024 

(0.033) 

(0.020) 

(0.024) 

Nitrite  h 

0.13 

0.14 

0.23 

0.33 

0.16 

C.24 

(0.23) 

(0.15) 

(0.24) 

Oil  end  Creese 

...b 

21.8 

— 

... 

47 .2 

— 

... 

(34.6) 

Chromium 

34 . 2 

0.87 

<0  005 

35.8 

0.67 

0.012 

(35.0) 

(0.87) 

( <0.009  j 

(it  re) 

fable  63.  (eent'd) 
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Characteristic 
and  units 

Solid 

Suspended 
part  tculate 

1 1»ju  d 

(opper 

8.68 

0.11 

<0.C05 

9.08 

0.13 

<0.006 

(1.18) 

(0.12) 

<0.005) 

lead 

2.64 

0.10 

<0.005 

4.24 

0.15 

<0.005 

(3.44) 

(0.13) 

( <0.005) 

1  me 

63.? 

3.41 

<0.001 

69.? 

1.81 

<0.001 

(66.?) 

(2.61) 

<0.001 

Iron 

10,400 

?fta 

<0.010 

11,600 

218 

<0.010 

(11,000) 

(?63) 

(<0.010) 

Nickel 

22.2 

1 .69 

<0.010 

23.4 

6.99 

0.020 

(?2. 8) 

(4.29) 

(<0.015) 

Mercury 

<0.010 

<0.001 

<0.001 

<0.010 

<0.001 

<0.001 

(<0.010) 

(<0.001) 

<0.001 

oaZa 

m9/L 

«fc/l 

Cad* turn 

1,670 

61.3 

9.28 

1,4*0 

74.1 

2.M 

(l.WO) 

(67.7) 

(6.06) 

PCI  as  A roc  lor  1254 

30.4 

...c 

<0.23 

19.4 

... 

<0.20 

(?4.9) 

— 

( <0 . 20 ) 

000 

0.S6 

•  •  « 

<0.05 

0.6? 

... 

<0.06 

(0.69, 

... 

( <0 . 05 ) 

OOC 

<0.?0 

... 

<0.05 

<0.20 

... 

<0.05 

(<0.02) 

— 

(<0.0S) 

00f 

<0.40 

... 

<n.io 

<0.40 

... 

0.10 

(<0.40) 

(<0.10) 

(more ) 

4’  * 


no 


Table  63.  {cont  d) 


Characteristic 
and  units 

Solid 

Suspended 

particulate 

liquid 

Cndrin 

<0.20 

<0.0S 

<0.20 

... 

<0.0S 

{<0.20) 

— 

(<0.OS) 

Oleldrln 

0.21 

m  m  m 

<O.OS 

0.21 

-  -  - 

<0.0S 

(0.21) 

— 

(<0.0S) 

Chlordane 

0.61 

... 

<0.10 

0.64 

•  •• 

<0.10 

(0.63) 

(<0.10) 

‘lupllcate  subsawples  were  analyied,  «ean  U  in  parenteses. 
^Methodology  not  available  for  this  saople  natrli. 
-Methodology  not  available  for  this  sample  aiatrii. 


* 


m 

Table  1 4.  X»ant1tat1ve  characterization  of  three  phases  of  a  sediment 
sample4  from  Grey  Cloud  Slouch. 


Characteristic 
and  units 

Sol  id 

Suspended 
part  tculate 

Liquid 

Volatile  solids  (X) 

o.sa 

15.8 

24.1 

0.50 

13.1 

28.7 

(0.S4J 

(14.5) 

(26.4) 

pH 

7.99 

7.93 

8.08 

7.97 

7.  W 

8.11 

(7. *5; 

(7.92) 

(8.10) 

am 

mlk 

•a  A. 

COO 

2.690 

576 

n\ 

2.820 

586 

23? 

(2. 7601 

(Ml) 

(23?) 

BOO 

167 

37.4 

12.0 

168 

41.4 

9.90 

(1681 

(39.4) 

(11.0) 

Total  Phosphate 

868 

*  .  « 

0.3? 

838 

0.3? 

(853) 

— 

(0.3?) 

Ortho  Phosphate 

40.0 

?.16 

0.26 

41.3 

1.85 

0.25 

(40.7) 

(2. 00) 

(0.?6) 

Venn  la  1 

3.20 

1.58 

1.35 

3.20 

1.51 

1.45 

(3.20) 

(1.S5) 

(1.40) 

Nitrite  N 

0.040 

0.073 

0.077 

0.040 

0.074 

0.077 

(0.040) 

(0.074) 

(0.077) 

Nitrate  N 

0.10 

0.056 

0.17 

0.18 

0.075 

0.16 

(0.14) 

(0.066* 

(0.16) 

OH  and  Grease 

1,030 

1.030 

22.0 

14.700 

eof 

22.2 

(7.870) 

(918) 

(22.1) 

Chromium 

35.6 

0.88 

0.010 

30.8 

0.82 

0.01? 

(33.2) 

(0.85) 

(0.011) 

l«ore) 
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Table  64.  (cont  d) 


Characteristic 
and  units 

Solid 

Suspended 
part  tculate 

Liquid 

C  Of  per 

6.84 

0.15 

<0.005 

6.44 

0.15 

<0.005 

(6.64. 

(0.15) 

( <0.006| 

Lead 

4.80 

0.13 

<0.005 

5.00 

0.13 

<0.005 

(4.90) 

(0.13) 

(<0.0061 

Zinc 

66.4 

5.72 

1.52 

66.4 

2.82 

0.2/ 

(66.4) 

(4.27) 

(0.89) 

Iron 

11.000 

166 

<0.010 

11,200 

158 

<0.010 

(11.100) 

(162) 

(<0.010) 

Nickel 

30.5 

0.38 

0.036 

26.9 

1.32 

0.35 

(28.7) 

(0.85) 

(0.19) 

**ercury 

<0.010 

<0.001 

<0.001 

<0.010 

<0.001 

<0.001 

(<0.010) 

<0.001 

(<0.001) 

"9/9 

.■9/1 

nf/l 

Cadmua 

1.010 

59.1 

1.14 

910 

49.1 

3.72 

960 

(*4.1) 

(2.43) 

PCB  as  A roc  lor  1264 

1.16 

...b 

<0.20 

1.23 

— 

<0.20 

(1.20) 

— 

(<0.?0) 

000 

<0.20 

.  •  • 

<0.06 

<0.20 

... 

<0.05 

(0.20) 

— 

(<0.05/ 

OOt 

<0.20 

•  •  . 

<0.05 

<0.20 

<0.05 

(<0.?0) 

... 

(<0.06) 

00T 

<0.40 

... 

<0.10 

<0.40 

-  -  - 

<U.  10 

( <0.40) 

(<0.10) 

(•ore) 

Table  64,  (cont  d) 
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Characteristic 
and  units 

Solid 

Suspended 
part iculate 

Ltqutd 

1 ndr>n 

<0.20 

<0.0S 

<0.20 

•  •  . 

<0.0S 

(<0.20) 

— 

(<0.0S) 

Dieldrin 

<0.20 

... 

<0.<H> 

<0.20 

--  - 

<0.0$ 

(<0.?0) 

— 

<0.0S) 

Chlordane 

<0.40 

«  «  • 

<0.10 

<0.4'J 

- 

<0.10 

{<0-40) 

— 

(<0.10) 

^Duplicate  subse*ples  were  analyied,  «ear  >>  n  parenteses. 
‘^tbodoloqy  not  available  for  this  sample  watr  * 
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’able  65.  Quantitative  characterizat ion  of 
sample*  fre»  below  Cudahy. 

three  phases  of 

<  sed laser*. 

Characteristic 
and  units 

Sol  id 

Suspended 
part iculate 

liquid 

Volatile  solids  1 

1.14 

i-.e 

22.1 

4.35 

4.56 

30.9 

(2.86 

(9.66 

(?f  .5 

oh 

7.75 

7.7? 

fc.07 

7.65 

7.67 

8.10 

(7.70) 

(7.70) 

(e.09) 

ug/3 

mlk 

1/1 

C0C 

6.450 

286 

199 

6.750 

251 

!97 

(6.600) 

(270) 

19b 

ROD 

507 

32.0 

17.4 

479 

26.8 

17.1 

(493) 

30.4) 

(17.3) 

Total  Phosphate 

1.830 

... 

0.24 

1.700 

-  -  - 

0.32 

(1.770) 

— 

(0.26) 

rtho  Phosphate 

61.3 

1.36 

0.20 

62.5 

1.34 

0.22 

(61.5) 

(1.35) 

(0.21) 

tanonia  N 

9.00 

3.64 

2.94 

e.so 

3.30 

2.80 

(8.75) 

(3.47) 

(2.86) 

Nitrite  H 

0.030 

0.037 

0.040 

0.030 

0.037 

0.041 

(0.030) 

(0.037) 

(0.04't ) 

Nitrate  h 

0.?3 

0.062 

0.14 

0.?3 

0.065 

0.16 

(0.?3) 

(0.064) 

(0.15 

Oil  and  Grease 

6. 880 

40.0 

46.? 

17.900 

152 

13.7 

12,400) 

96.0) 

?9.5) 

<o.oo6 

o.m? 

<0.019 


rhro«si u» 


63.1 

49.1 

(56.1) 


0.67 

0.69 

(0.6«) 


a»re 


Tao  e  65.  (cont'd) 


Characteristic 
and  units 

Solid 

Suspended 

particulate 

Liquid 

Copper 

14.6 

0.15 

<0.005 

4.56 

0.17 

<0.005 

(9.58) 

(0.16) 

<0.005 

Lead 

8.64 

0.052 

<0.005 

6.24 

0.072 

<0.005 

(7.44) 

(0.062) 

(<0.005) 

Zinc 

162 

4.25 

0.32 

152 

4.40 

0.86 

(157) 

(4.33) 

(0.59) 

Iron 

14,800 

38.4 

<0.010 

9.970 

8.44 

<0.010 

(12.400) 

(23.4) 

(<0.G10) 

Nickel 

27.5 

0.65 

0.058 

18.3 

0.49 

0.34 

(22.9) 

(0.57) 

(0.20) 

**ercury 

<0.010 

<0.001 

<0.001 

<0.010 

<0.001 

<0.001 

(<0.010) 

(<0.001) 

(<0.001 ) 

"9  /  9 

ua/l 

uj/L 

Cadmiua 

2.120 

74.7 

25.9 

1.690 

147 

4i  .2 

(1.910) 

(111) 

(33.6) 

5CB  a?  Aroclor  1254 

4.82 

_ b 

<0.20 

4.00 

-- - 

(4.81) 

— 

(<0.20) 

000 

0.  76 

<0.05 

0.44 

--- 

<0.05 

(0.60) 

— 

(<0.05) 

dot. 

<0.20 

... 

<0.06 

<0.20 

... 

<0.05 

( <0 . 20  > 

— 

(<0.05) 

00T 


<0.40 

<0.40 

(<0.40) 


T ,st> I e  65.  (com  d) 
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Characteristic 
and  jnits 

Solid 

Suspended 

particulate 

Liquid 

Endrin 

<0.20 

<0.05 

<0.20 

... 

<0.05 

( <0.20) 

— 

(0.05) 

Oieldrin 

<0.20 

... 

<0.05 

<0.20 

... 

<0.05 

— 

(<0.05) 

Chlordane 

0.81 

... 

<0.10 

0.84 

... 

<0.10 

(0.83) 

— 

(<0.10) 

•Duplicate  subsawp’es  were  analyzed,  *ean  is  in  pjrenteses. 
*Vfhodoloqy  not  available  for  this  sanple  watrix. 
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Append \x  I 


Simary  of  Che«1ca1  Characteristics 
of  Test  Solutions 


t 


’able  1.  Characteristics  of  test  *eda  prepared  fro*  dredge  spoil  sediments 
fro*  Head's  Landing  ;o  lord  uater  at  17*C.  Turbidities  were  talen 
before  and  1  hour  after  ‘‘atch  replace*ent. 


test  situation 
and  tine  (h) 

pH 

DO 

("0/1) 

Turbidities* 

Before  After 

Suspended 
solids  (*g»l) 

Hera’ed  control 

0 

7.02 

0.2 

1.1 

<0.6 

24 

7.72 

8.4 

... 

2.6 

<0.6 

46 

8.42 

0.1 

— 

3.3 

<0.6 

72 

8.44 

9.3 

— 

2.1 

<0.6 

% 

8.40 

9.) 

1.8 

<0.6 

Jraerated  Control 

0 

7.80 

8.9 

... 

... 

<0.6 

24 

7.62 

S.  7 

... 

... 

<0.6 

48 

7.9) 

6.2 

— 

... 

<0.6 

72 

7.86 

6.0 

... 

... 

<0.6 

06 

8.01 

6.8 

... 

... 

<0.6 

Sol  id  phase 

0 

7.62 

7.7 

... 

19.3 

4.6 

24 

8.31 

9.2 

10.9 

11.8 

2.6 

48 

8.41 

9.7 

6.6 

4.6 

<0.6 

72 

8.40 

9.3 

3.4 

2.8 

<0.6 

06 

8.40 

9.1 

3.4 

«  •  • 

•  •  • 

(■ore) 


Table  I.  (cant'd) 


l?0 


Tesl  situation 
jnd  t1«e  (h) 

pH 

DO 

(*9/1) 

Turbidities* 
lefore  After 

Suspended 
solids  (*9/1) 

PjrtKulate  phase 

0 

7.97 

9.1 

... 

810 

41? 

2  4 

7.64 

8.5 

721 

850 

491 

<3 

8.4  2 

9.1 

800 

1,100 

6?5 

12 

S.4S 

9.5 

814 

1,050 

661 

9*> 

8.41 

9.6 

960 

— 

— 

*ST  "lephe’owetrlc  Turbidity 

Units). 

Table  2.  Charade.  Istlcs  of  test  media  prepared  fron  dredge  spoil  sediments 
fron  Truedale  Slough  1  n  hard  water  at  17*C.  Turbidities  were  ta*en 
before  and  1  boor  after  batch  replacement. 


Test  situation 
and  tine  (h) 

P« 

00 

("9  '!) 

Turbidities4 
lefore  After 

Suspended 
solids  (•*/' 

Aerated  control 

0 

*.43 

10.1 

... 

0.7 

<0.5 

24 

8.43 

9.6 

0.9 

1.5 

<0.5 

48 

7.84 

8.9 

0.9 

0.8 

<0.5 

n 

6.4? 

9.3 

1.3 

1.1 

<0.5 

9f 

8.43 

9.1 

0.9 

... 

<0.5 

Unaerated  control 

0 

8.38 

8.8 

... 

... 

<0.5 

24 

7.93 

7.S 

... 

... 

<0.5 

48 

7.81 

5.9 

... 

... 

<0.5 

n 

8.12 

4.2 

... 

... 

<0.5 

% 

7.94 

5.0 

... 

... 

<0.5 

Solid  phase 

0 

6.48 

9.5 

... 

2.7 

2*9.5 

24 

1.42 

9.5 

4.8 

5.1 

4.0 

48 

7.89 

7.8 

4.1 

2.4 

5.5 

72 

8.37 

8.2 

2.4 

2.8 

10. 0 

9* 

6.31 

7.5 

2.9 

... 

... 

(■or 


Tut  Situation  00  TurbldltlH*  Suspended 

and  tl**>  (h)  pH  (a*9/l )  ftfore  TTttr  solids  {*}/!) 


Bmiculite  pbas? 


0 

8.4? 

10.  b 

... 

6?3 

*47 

?4 

8.46 

9.6 

7?9 

710 

60* 

4b 

7.7b 

8.8 

690 

710 

6bH 

n 

8.37 

9.? 

660 

700 

774 

9f 

8.48 

9.1 

fibO 

•  •  « 

4VU  fNephe’owetrlc  Turbidity  Unit*) 
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? able  3.  Characteristics  of  test  nedla  prepared  from  dred9e  spoil  sediments 
from  west  Kewtnn  In  herd  water  at  17*C.  Turbidities  were  taken 


before  and 

1  hour 

after  batch  replacement. 

Test  situation 
and  tine  (h) 

pH 

00 

(■*9/1) 

T_urb<d1t1es* 

If Fore  After 

Suspended 
solldi  ?ng/l) 

Aerated  control 

0 

8.11 

8.8 

0.7 

<0.5 

24 

8.34 

8.9 

0.9 

0.9 

<0.5 

48 

8.30 

8.9 

1.2 

1.0 

<0.5 

12 

8.46 

9.2 

1.0 

0.8 

<0.5 

ft 

8.41 

9.5 

1.2 

— 

<0.5 

Unaerated  control 

0 

8.26 

8.7 

— 

... 

<0.5 

24 

7.91 

6.5 

-  -  - 

... 

<0.5 

48 

7.91 

5.2 

... 

... 

<0.5 

12 

7.99 

5.5 

... 

... 

<0.5 

96 

7.80 

... 

... 

... 

<0.5 

Sol  id  phase 

0 

8.09 

8.0 

— 

3.1 

<0.5 

24 

8.30 

8.7 

3.0 

2.2 

<0.5 

48 

6.30 

8.8 

1.2 

1.1 

<0.5 

72 

8.39 

9.0 

0.9 

0.8 

1.0 

9f 

8.39 

9.3 

0.7 

m  m  m 

(more) 


l 
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table  4.  Characteristics  of  test  media  prepared  from  dredge  spoil  sediments 
fro*  Somerfleld  Island  In  hard  water  at  17*C.  Turbidities  were 
taken  before  and  1  hour  after  batch  replacement. 


Test  situation 
and  t Ine  (h) 

pH 

DO 

(•9/1) 

Turbidities4 
leTore  H'tr 

Suspended 
solids  (*g/l) 

Aerated  control 

0 

8.06 

8.9 

0.8 

<0.6 

24 

8.38 

9.1 

0.8 

1.8 

<0.6 

48 

8.36 

9.3 

1.4 

1.0 

<0.6 

72 

8.42 

9.3 

1.7 

1.6 

<0.6 

96 

8.41 

9.6 

1.2 

... 

<0.6 

'narrated  control 

0 

8.29 

8.8 

— 

... 

<0.6 

24 

7.83 

6.1 

... 

— 

<0.6 

46 

7.38 

6.0 

... 

... 

<0.6 

72 

7.84 

4.7 

... 

— 

<0.6 

9b 

7.83 

6.1 

... 

— 

<0.6 

Solid  phase 

0 

8.03 

8.1 

— 

17.0 

1.0 

24 

8.24 

8.7 

22.0 

17.0 

16.0 

46 

8.31 

8.8 

13.0 

9.7 

16.0 

12 

8.36 

8.9 

6.7 

6.6 

8.0 

*6 

8.36 

9.4 

6.9 

•  •  • 

•  •  • 

(meirr 
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'*ble  4.  (cont'd) 


Test  situation 
jnd  ti,*e  (h) 

PH 

DC 

(»g'1) 

Turbtdit ies* 
Before  T^ter 

$US  >endrd 

solids  (*9rl) 

Pjrticu  jte  ptusr 

0 

8. OS 

8.3 

72b 

M3 

24 

8.36 

9.0 

641 

626 

681 

43 

8.31 

9.2 

6S6 

620 

635 

12 

8.39 

9.3 

490 

5*0 

633 

96 

8.39 

9.6 

642 

4*TU  (Nephelo«»ef  ric  Turbidity  Ur  ts). 
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Table  5.  Characteristics  of  test  media  prepared  fro*  dredge  spoil  sediments 

from  Island  58  In  hard  water  at  17*C.  Turf  ditles  were  tafcer  before 
and  1  hour  after  batch  replacement. 


Test  situation 
and  time  (h) 

pH 

00 

(•g'l) 

Turbidlties4 
Before  After 

Suspended 
solids  (mg/1 

Aerated  control 

0 

8.19 

9.2 

— 

0.2 

<0.5 

24 

7.90 

9.6 

1.3 

1.3 

<0.5 

48 

7.69 

9.1 

1.1 

1.1 

<0.5 

72 

8.23 

9.5 

2.1 

1.2 

<0.5 

96 

8.18 

9.5 

1.1 

— 

<0.5 

Unjerated  control 

0 

8.19 

8.9 

— 

... 

<0.5 

24 

7.76 

6.5 

— 

— 

<0.5 

48 

7.71 

4.9 

— 

— 

<0.5 

72 

7.77 

4.8 

— 

— 

<0.5 

96 

7.85 

4.2 

— 

— 

<0.5 

Sol  d  phase 

0 

8.19 

6.9 

— 

5.5 

6.3 

24 

7.93 

9.3 

8.4 

7.0 

5.0 

48 

7.81 

9.0 

3.9 

3.1 

<0.5 

72 

8.19 

9.3 

2.9 

2.4 

1.3 

% 

8.27 

9.2 

1.9 

«... 

{more ) 


i?8 


TjHe  5.  (contd) 


Test  sttiut’on 
jfuJ  t  i*e  {>0 

pH 

00 

(-9  D 

Ttfrfeldit 

Before 

ies« 

JT r.er 

Suspended 
solids  •*,/! 

Particulate  phase 

0 

8.20 

9 .  6 

458 

293 

24 

8.06 

9.6 

391 

403 

2^3 

48 

7.77 

9.2 

34G 

404 

209 

72 

8.19 

9.4 

324 

351 

>90 

9fc 

8.26 

9.S 

271 

*fCV.  Nt  hf  0**tru 

'jrbidity 

Units). 
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'able  6.  Characteristics  of  test  »ed  a  prepared  from  dredge  spoil  sed’ments 
from  irey  Cloud  Slough  "n  hard  eater  at  1 7*C .  Turbidities  were 
taken  before  and  1  hour  after  batch  replacement. 


Tes’  situation 
and  time  (h) 

pH 

00 

(mg/1 ) 

Turt)ldi  tits4 
lefo're  Af'er 

Suspended 
solids  f»g/l) 

Aerated  control 

0 

8.45 

9.2 

0.4 

<0.5 

24 

8.03 

8.9 

1.0 

1.3 

<0.5 

48 

8.26 

9.1 

1.0 

o.a 

<0.5 

72 

8.38 

9.2 

1.3 

1.3 

<0.5 

96 

8.40 

9.1 

0.9 

— 

<0.5 

unaerated  control 

0 

8.33 

8.6 

... 

... 

<0.5 

24 

8.17 

6.4 

... 

... 

<9.5 

48 

7.87 

5.4 

— 

... 

<0.5 

7? 

8.12 

4.3 

— 

— 

<0.5 

9€ 

8.12 

5.1 

... 

— 

<0.5 

to? id  phase 

0 

8.42 

8.9 

— 

5.8 

3.5 

24 

8.38 

9.6 

72.5 

56.5 

48.0 

48 

3.26 

9.0 

26.0 

23.0 

44.5 

72 

8.32 

9.0 

21.0 

19.0 

35.0 

96 

8.40 

9.1 

28.0 

•  •  . 

(more) 


Test  situation 

00 

TurbidHies4 

Suspended 

and  ti*e  >h) 

pH 

(•9/1 ) 

Bcf'irf 

After 

sol <ds  («q/l ) 

P*rticul*te  pb«se 

0 

3.33 

8.9 

— 

3.0% 

s.iHa 

24 

d.06 

8.7 

2.600 

2,860 

4.423 

43 

8.23 

9.0 

3.020 

3.470 

5.905 

72 

3.32 

9.2 

2,670 

3.200 

5.865 

96 

8.37 

9.1 

2.4?0 

... 

... 

4V  |  V,  ne1<  metric  Turbidity  Onus) 
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’able  7.  Characteristics  of  test  nedta  prepared  fro*  dredge  spoil 

sed**erts  fro*  below  Cudahy  In  hard  water  at  17*C.  Turbidi*les 
were  taken  before  and  1  hour  after  batch  replacement. 


>st  situation 
and  ti^e  (h) 

pH 

DO 

) 

Turbidities* 
Before  After 

Suspended 
solids  (*g/l 

4erafed  control 

0 

8.38 

9.2 

0.5 

<0.5 

?4 

8.33 

9.4 

1.9 

2.5 

<0.5 

48 

8.28 

9.3 

0.3 

0.8 

<0.5 

72 

8.31 

9.2 

1.6 

1.3 

<0.5 

% 

3.25 

9.1 

3.8 

— 

<0.5 

naerated  control 

0 

3.40 

8.6 

— 

... 

<0.5 

24 

8.30 

6.6 

— 

... 

<0.5 

4f 

8.08 

6.3 

— 

... 

<0.5 

72 

3.18 

6.8 

... 

... 

<0.5 

% 

3.03 

6.3 

... 

... 

<0.6 

Sol  Id  phase 

0 

3.38 

8.6 

— 

11 

Q 

24 

8.28 

8.9 

75 

47 

40 

48 

3.24 

9.1 

26 

30 

58 

72 

3.23 

9.2 

M 

15 

96 

e.2« 

3.9 

50 

•  mm 

•  •  • 
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able  7.  (tout’d) 


Teu  sltuittofi  00  Turbine**  Su%}*nd«l 

*•*1  tt**  (h)  pH  \«*g/l)  SfTore  T7Ter  toltd',  (ag/l) 


Nr*  tcul ate  phase 


0 

8.30 

9.0 

— 

6. no 

10,696 

2\ 

9.24 

9.2 

4,;80 

2.660 

6.460 

48 

8.26 

9.2 

2.960 

6.600 

»9,666 

77 

8.28 

9.1 

4,630 

7.480 

24.366 

9* 

8.24 

9.9 

6.870 

m  »  m 

m  m  m 

J,ril  I  *ef,he1y»etric  Turbidity  )nHs). 
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'able  8.  Characteristics  of  test  wHIe  prepared  from  dredge  spoil  sediments 
from  Winona  Smal  1  loaf  Harbor  In  hard  water  at  1 7*C .  Turtrd1tles 
wrre  taken  before  and  1  boor  af'er  batch  replacement. 


Test  situation 
and  time  (h) 

PH 

DO 

'mg/1 ) 

Turbidities4 
lefore  After 

Suspended 
solids  'my/l) 

*e*-ated  con»rol 

0 

7.9b 

8.9 

— 

0.2 

<0.S 

24 

1.19 

9.4 

3.9 

1.2 

<0.6 

48 

i.n 

9.1 

1.4 

1.3 

<0.6 

12 

fe.22 

9.6 

2.0 

1.4 

<0.6 

96 

8.11 

9.2 

1.4 

... 

<0.6 

narrated  control 

0 

8.13 

8.9 

— 

... 

<0.6 

24 

7.81 

8.2 

— 

<0.6 

«e 

7.b9 

4.9 

— 

•  •  • 

<0.6 

12 

7.81 

4.6 

— 

— 

<0.6 

7.76 

6.1 

— 

... 

<0.6 

Solid  phase 

0 

8.04 

8.S 

... 

S7 

237 

24 

7.96 

8.8 

8,1 

60 

126 

48 

7.97 

8.9 

76 

71 

?4f 

12 

9.21 

9.2 

74 

6b 

219 

96 

8.17 

9.3 

73 

•  •  • 

•  •  • 

(m ore) 
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8.  (conld) 


Trst  situation 
jnd  tin*  (h ) 

pH 

00 

(■9/*) 

Turbidit  tes4 
ft  fort  trt.fr 

Sus,*>nde  'i 
solids  '*3/1) 

Particulate  (>hase 

0 

i.n 

9.1 

5,49) 

17.070 

?4 

7.70 

9.3 

4,950 

5.590 

11 ,?38 

4H 

7 .6? 

9.0 

4.750 

6.780 

16,135 

n 

8.01 

9.5 

5,670 

7.96C 

?3.?40 

**> 

7.93 

9.4 

5,?50 

... 

... 

*'■  lanctrlc  Turbidity  *JMts). 


r 
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table  9.,  Characteristics  of  test  nedla  pr«pjre<J  from  dred 90  spoil  sediments 
from  Pcd  Ml r»g  Coowrctal  Harbor  in  hard  water  at  1 7*C .  TurbidtMes 
were  taken  before  and  1  hour  after  bat’h  replacement. 


Test  situation 
and  t  <*e  (h) 

PH 

00 

(■g'l) 

_  Tlrb1dittes, 

ieTnre  JT'er 

Suspended 
solids  f*g/1 

Aerated  control 

0 

8. 4J 

9.5 

1.1 

<0.5 

?4 

8.46 

9.5 

0.6 

0.9 

<0.5 

4* 

e.io 

e.s 

0.7 

2.2 

<0.5 

n 

8.30 

9.5 

0.9 

0.9 

<0.5 

% 

8.43 

9.0 

0.7 

... 

<0.5 

Unaerated  control 

0 

8.4b 

8.8 

— 

... 

<0.5 

74 

8.  ?4 

6.8 

... 

... 

<0.5 

41! 

8.01 

5.8 

... 

... 

<0.5 

7? 

7.99 

4.1 

... 

... 

<0.5 

9t 

7.83 

4.4 

... 

... 

<0.5 

ol<d  phase 

8.14 

8.4 

... 

4.8 

40* 

?4 

8.34 

9.1 

9.7 

9.3 

596 

48 

7.78 

7.7 

6.9 

11.1 

465 

72 

8.17 

7.6 

9.1 

10.8 

773 

96 

8.75 

7.1 

6.8 

•  •  • 

(more) 


I 


Table  9.  (cont'd) 


Te*t  situation 

00 

Turbidities* 

Suspended 

and  tl«e  (h) 

PM 

(•9/1) 

iefjre 

After 

solids  (*g/1) 

* 

Tart  tculate  phase 

7.89 

8.4 

... 

P0.640 

58.775 

0 

8.07 

9.? 

13,?*0 

??.s?o 

57,380 

?4 

7.61 

8.4 

??,560 

?3 , 560 

63,345 

48 

8.0? 

9.3 

P0.800 

27,t>80 

•1.815 

12 

7.99 

8.5 

?0,120 

n 

aH*  (Nephelometric 

Turbidity  Units). 

’able  10.  Characteristics  of  tes*  media  prepared  fro*  dredge  spoil  sediments 
from  St.  Paul  Barge  Terminal  in  hard  water  at  17*C.  Turbidities 
were  taken  before  and  1  hour  after  batch  replacement. 


Test  situation 
and  t<*e  (h) 

pH 

00 

C*9'l) 

Turbidities4 
ReTorV  After 

Suspended 
solids  (mg/1 

Aerated  control 

0 

8.03 

9.2 

1.1 

<0.5 

24 

7.86 

7.7 

— 

1.4 

<0.5 

48 

8.50 

9.3 

— 

1.7 

<0.5 

72 

8.59 

9.3 

— 

1.7 

<0.5 

% 

8.51 

9.2 

— 

1.3 

<0.5 

Unaerated  control 

0 

7.75 

8.4 

... 

... 

<0.5 

?4 

7. 79 

4.9 

... 

... 

<0.5 

48 

7.86 

5.3 

... 

... 

<0.6 

n 

7.93 

5.3 

... 

... 

<0.5 

% 

8.11 

4.9 

... 

... 

<0.5 

Sol  Id  phase 

0 

7.73 

7.3 

... 

65 

240 

24 

8.45 

9.0 

358 

434 

206 

48 

8.38 

9.0 

511 

318 

193 

n 

8.35 

9.2 

398 

396 

20? 

96 

8.34 

105 

m  m  m 

•  •  • 

(wrc) 
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Table  10.  (cont'd) 


Test  situation 
and  tine  (h) 

pH 

DO 

(•9/U 

Turbidities4 
ieTore  After 

Suspended 
solids  (*g/l) 

Particulate  phase 

0 

7.94 

8.9 

7,740 

17.400 

24 

7.12 

8.1 

5.380 

9,160 

16.900 

46 

8.31 

9.2 

5.200 

9,060 

16,880 

12 

8.40 

9.4 

8,360 

9.440 

18,500 

96 

8.34 

9.3 

6,390 

— 

— 

*NTU  (Nephelometric  Turbtditjr  Units). 


i 
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Table  1.  Characteristics  of  delinutive 
spoil  sediments  from  Truedale 
Turbidities  were  taten  before 
replacement . 

test  media  prepared  from  dredg*1 
Slough  in  hard  water  at  I7*c. 
end  1  hour  after  batch 

Material  composition 

00 

Turbidities* 

Suspended 

and  time  (h) 

pH 

(«9/l ) 

8efnr»* 

After 

solids  ng  1 ) 

loot 

0 

8.11 

8.8 

— 

470 

“>04 

?4 

8.47 

9.3 

650 

550 

4>0 

48 

8.28 

9.2 

440 

370 

198 

72 

8.38 

9.9 

370 

400 

3**2 

96 

8.23 

9.7 

— 

— 

... 

Averaqe 

431 

901 

0 

8.09 

8.9 

— 

420 

4n4 

24 

8.48 

9.3 

550 

400 

4,2 

48 

8.32 

9.4 

405 

310 

3?K 

72 

8.41 

10.0 

740 

350 

316 

% 

8.23 

9.8 

... 

... 

... 

Average 

380 

751 

0 

8.08 

9.0 

... 

400 

79? 

24 

8.44 

9.3 

340 

36C 

36? 

48 

8.33 

9.2 

325 

■*90 

283 

72 

8.49 

10.0 

285 

310 

252 

96 

8.2? 

9.9 

•  9  • 

•  • 

•  •  « 

Average  324 

imere) 
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Tab1e  1.  (cont  d) 


Material  composition 

00 

Turbidities* 

Suspended 

and  tine  (h) 

P* 

(■9/1) 

Before 

Auer 

solids  («g/l) 

50t 

0 

8.09 

8.9 

— 

36C 

24  b 

?4 

2.42 

9.4 

260 

230 

214 

48 

8.32 

9.2 

26C 

195 

190 

72 

8.49 

9.9 

205 

230 

156 

96 

8.23 

9.9 

— 

... 

... 

202 

251 

0 

8.07 

8.9 

— 

230 

1?4 

24 

8.41 

9.3 

125 

141) 

84 

45 

E.  34 

9.1 

120 

105 

80 

72 

8.34 

9.8 

125 

no 

58 

96 

8.24 

9.8 

... 

... 

... 

Average 

87 

Control  01 

0 

8.00 

8.8 

... 

3.2 

<0.5 

24 

8.36 

9.3 

6.3 

4.3 

<0.5 

48 

8.28 

9.0 

5.2 

3.4 

<0.5 

72 

8.43 

9.9 

4.5 

3.8 

<0.5 

96 

8.23 

9.9 

... 

... 

— 

*H’U  (P»f?H»lo*etr1c  Turbidity  Units). 
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T*Me  2.  Characteristics  of  de’iniative  test  ned’a  prepared  from  dred<p 

spcrl  segments  from  Red  *ing  I  )*i»en  aT  Harpor  hard  wa*er  a* 


1?*C.  Turbidities 
replacement . 

*ere  take 

before  and  1 

hour  after 

batch 

^j’erial  composition 

DO 

Turbidit ies* 

Suspended 

and  t'me  (h) 

•H 

("9/1) 

Before 

After 

solid,  (mg/1) 

lPOt 

0 

7.65 

6.8 

... 

25.200 

62.1*0 

?< 

7.95 

9.0 

’.€.800 

21,200 

56.8*0 

48 

7.91 

8.8 

13,200 

26,000 

75,460 

n 

7.91 

9.1 

79.400 

28.800 

80.«20 

% 

7.88 

9.5 

— 

... 

... 

Average 

68,840 

90S 

0 

7.66 

7.4 

... 

19,600 

52.990 

?4 

7.99 

9.0 

lS.80r> 

19.00C 

53.801 

48 

7.91 

8.6 

14.900 

19,000 

54,620 

7  2 

7.95 

9.6 

17,400 

18,800 

57,660 

9e 

7.9« 

9.5 

— 

... 

... 

Average 

54.765 

’51 

0 

’.56 

7.5 

— 

16,000 

3C.5?X) 

?4 

t.9€ 

9.1 

1? ,800 

14.400 

>9,960 

48 

7.94 

8.7 

13,200 

18,000 

54 , 481 

7? 

7.95 

9.6 

17.200 

ie.fioo 

51 .820 

9* 

7,8f 

9.? 

— 

Average  IS  790 


"■v  re ) 


Tab?e  2.  (cont  d) 


*ater1a1  cowposltton 
and  t’«e  fh) 

pH 

i r 

Turb1d1t’  es4 
0e<ore  After 

Suspended 
solids  *»g/l ) 

SOI 

0 

7.77 

8.8 

— 

11,000 

24,440 

24 

8.07 

9.1 

9.300 

9,500 

19,080 

48 

8.03 

8.9 

8.000 

11,800 

26,%0 

72 

8.02 

9.8 

11.000 

10,200 

26.040 

96 

7.88 

9.5 

— 

— 

... 

Average 

24,105 

251 

0 

7.% 

8.7 

— 

5,200 

10,130 

24 

8.15 

9.2 

4.700 

4,000 

7.740 

48 

8.14 

9.1 

3.300 

6.200 

11.640 

72 

8.18 

9.9 

6,200 

6,200 

12,100 

96 

8.01 

10.0 

— 

— 

... 

Average 

10.415 

Control  31 

0 

7.94 

9.0 

— 

0.9 

<0.5 

24 

9.17 

9.1 

2.4 

1.5 

<0.5 

48 

8.10 

8.7 

3.2 

2.2 

<0.5 

72 

9.35 

8.8 

5.2 

3.6 

<0.5 

96 

8.13 

9.8 

— 

— 

— 

«*!’•'  Ilepbe’iynetrlc  Turbidity  Units). 
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ible  3.  Characterlst les  of  dellntattve  test  vied' a  prepared  frost  dredge 
spoil  sediments  frost  St.  Paul  Barge  Terminal  In  hard  uater  at 
17*C.  Turtold1t1es  uere  taken  before  and  1  hour  after  t4teh 
replacement . 


Material  composition 
and  t*«e  (h) 

PM 

00 

(•9/1) 

Turbidities4 
iefore  After 

Suspended 
solids  '*9/1) 

1001 

0 

8.12 

9.2 

— 

14.000 

30,909 

24 

8.25 

9.3 

12.400 

12.000 

26,800 

48 

8.24 

9.2 

11,800 

12,000 

25,360 

72 

8.40 

9.2 

4,700 

12.000 

27.3*0 

9b 

Average 

8.02 

7,4 

13.500 

... 

27,600 

m 

0 

8.23 

9.4 

... 

10,000 

17,760 

24 

8.26 

9.2 

9.400 

9,000 

16,320 

48 

8.22 

9.4 

8,600 

9.200 

18,400 

72 

8.39 

9.2 

8,700 

10,000 

21.260 

96 

Average 

8.00 

8.2 

10.400 

... 

18.435 

Tit 

0 

8.22 

9.4 

... 

10,000 

22.620 

24 

8.25 

9.4 

10,000 

10,000 

18,440 

48 

8.21 

9.4 

8,800 

8.000 

16,180 

72 

8.38 

9.3 

7,000 

6.800 

12,600 

96 

7.97 

8.1 

5,500 

mm  m 

mm  m 

Ave-age  17,460 


(more) 


MS 

Table  3.  (cont’d) 


Material  co«pos«t4on 
and  t*«e  (h) 

pH 

00 

(■*/’ ) 

Turfeldl* les4 
fe^ore  Af*er 

Suspended 
solids  («9/l) 

sot 

0 

8.22 

9.5 

— 

8.300 

18.100 

24 

8. 25 

9.4 

7.100 

7.900 

16.560 

4* 

8.22 

9.4 

7.600 

6,700 

12.120 

72 

8.37 

9.2 

4,500 

5,500 

10.260 

96 

7.98 

8.3 

4.200 

... 

... 

A*era9e 

14.260 

Control  Ot 

0 

8.28 

9.2 

... 

2.4 

<0.6 

24 

8.36 

9.2 

3.2 

2.9 

<0.5 

48 

8.29 

9.3 

3.2 

1.6 

<0.5 

72 

8.43 

9.3 

3.8 

2.1 

<0.5 

96 

7  98 

9.0 

2.9 

... 

... 

49TU  Nephelometric 

Turb4d1ty  Units). 
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